
Public Comments on the  
DraŌ AquaƟc Plant and Algae Management 

General Permit 
 

On February 18, 2026 the Washington State Department of Ecology (Ecology) reissued the 
AquaƟc Plant and Algae Management NaƟonal Pollutant Discharge EliminaƟon System and State 
Waste Discharge General Permit. The permit takes effect on March 20, 2026, and expires on 
March 20, 2031. 

All the permit documents are available on the permit web site: 
hƩps://ecology.wa.gov/aquaƟcplants. This includes the revised permit, Fact Sheet and Ecology’s 
response to comments. 

Purpose of the Permit 

The AquaƟc Plant and Algae Management General Permit provides coverage to allow chemical 
treatments for the management of aquaƟc noxious weeds, naƟve nuisance plants, and algae in 
fresh water (lakes, streams, and rivers) of Washington. The permit is a combined NPDES and 
State Waste Discharge Permit that limits the discharge of pollutants to surface waters under the 
authority of the Federal Water PolluƟon Control Act – Title 33 United States Code (U.S.C.) 
SecƟon 1251 – and limits the discharge of pollutants to surface and groundwater under the 
authority of the State Water PolluƟon Control Act – Chapter 90.48 Revised Code of Washington 
(RCW). 

Public NoƟce Process and Comments 

Ecology accepted public comments on the draŌ permit from September 10, 2025 through 
October 24, 2025. Formal public workshops and hearings were hosted during this Ɵme, with 
online webinars on October 14 and 16, 2025. 

In finalizing this permit, Ecology considered all the public comments received during the public 
comment period. The following pages contain a summary of the verbal testimony provided 
during the online hearings, followed by the original written comments and attachments 
received by Ecology. 

  



Summary of public testimony on the draft Aquatic Plant and Algae Management general 
permit provided during online meetings, held via Zoom 

 

October 14, 2025 @ 6:59pm 

(2:56-4:35) Phylis Farrell, a resident of unincorporated Thurston County. Thank you for this 
webinar and the helpful Fact Sheet on changes. That was useful for me. I’m not a biologist or 
chemist, but I appreciate the work and improvements that I see in the changes proposed. I’m 
testifying as an individual. I am concerned about cumulative effects of treatment. When you’re 
considering your further work, I would ask that you keep that in mind. The other issue that I 
think is a growing concern for the public is the hazardous algae blooms affecting water quality 
and public access. So strategies to help reduce the toxic algae blooms would be appreciated. 
Thank you for all your work and this webinar presentation.  

 

October 16, 2025 @ 3:35pm 

(3:43-4:50) Rene Buck, a resident of Pierce County speaking as an individual. Concerned that 
the monitoring of any permitted actions is sufficient, and that secondary applications are not 
allowed if the monitoring indicates that they are unnecessary or would be harmful to the 
environment. 



Bonnie Blessing
Hello 
I uploaded a file with some comments for the next draft algae and aquatic plant permit. Thank you



Bonnie Blessing
To Dept of Ecology
re:Algae and lake plant permit comments
https://ecology.wa.gov/regulations-permits/permits-certifications/aquatic-pesticide-permits/aquatic-plant-algae-
management

I support the general intent of your general proposal to: 1) revise monitoring requirements around dO and some
types of treatment to reduce P, 2) clarifying treatment timing windows, 3) increased flexibility on aquatic herbicides
4) add lanthanum=based control of P, 5) update permit requirements to be more consistent with state and federal
laws. I urge Ecology however to consider how a partial removal of aquatic vegetation could affect predation rartes
on salmon juveniles moving through lakes (page 59 or 60 of
(https://www.govlink.org/watersheds/8//pdf/WRIA8PredationSynthesisReport.pdf). I believe that Ecology does not
review permits for waters of higher quality but some of those waters do have salmon that could be affected by the
intensity of aquatic weed removal. Use of herbicide probably improves ‘aesthetics’ to some people, which is one
water quality criteria. However,  Since ‘aesthetics’ to some people mean NO aquatic plants what does ‘no aquatic
pants’ mean for salmon and other water quality parameters?
t

From permit: Comment or suggestion
Permit condition  S3.A.1. The application of pesticides
must not cause or contribute to lower water quality
standards,2 and S3.B. use of -410

Great. maybe details here on specific narrative and
numberic water quality.

S3. D.1 and D.2, measures to avoid lower dO include
removal of weeds and avoiding treatment when lake is
warm etc.

This is important because we don’t’ want to lower dO
in lakes that may be subject to HABs from low dO.
Low dissolved oxygen may also be naturally occurring
which does complicate issues.  P is released from
sediments when its low dO.

Can you add in a link to the ecology page that shows
where water quality is or is not a problem already
(Water Quality atlas)
Secondly, just applying herbicide when lake water
temp is cool enough may not prevent a huge loss of dO
later on. But see below on mudminnow.

S4.D implied there’s no need to consult with WDFW if
applying to a ditch.

spotted frogs occur in many ditches. So do Olympic
mudminnow. A 2014 paper by Tabor and Waterstrat
describes some use of ditches by mudminnow.

3. The cumulative percentage of the littoral zone where
herbicides may be intentionally applied must not
exceed the amount allowed below: a. In water bodies
up to 15 acres in size, the Permittee may intentionally
apply herbicides to no more than 75 percent of the
littoral zone. b. In waterbodies over 15 acres and up to
50 acres in size, the Permittee may intentionally apply
herbicides to no more than 60 percent of the littoral
zone. c. In waterbodies over 50 acres and up to 500
acres in size, the Permittee may intentionally apply
herbicides to no more than 50 percent of the littoral
zone. d. In waterbodies over 500 acres in size, the
Permittee may intentionally apply herbicides to no
more than 30 percent of the littoralzone

This still seems like alot of shoreline to treat without
having a risk of low dO from decomposition of plants.
It also could change predation risk to salmon
page 59 or 60 of
(https://www.govlink.org/watersheds/8//pdf/WRIA8Pre
dationSynthesisReport.pdf)
Describe the literature that supports that we can reduce
that much littoral vegetation without lowering dO or
increasing predation risk. Since Ecology doesn’t seem
to do Tier 2 reviews of waters of higher quality and
quite a few people think its in the public interest to
have substantially lower weeds in a lake but doing so
could influence salmonid predation risks, it seems like
a good idea to do a Tier 2 review of predation risk.
Especially since we do have some salmon left that
migrate though lakes here and there.

S6. Monitoring  of dO and temperature says the dO
must be monitored on the top and the bottom

This is typically done during the day however dO
lowers at night. Can you address this?

S6. b. adds requirements for testing 2 weeks, a month
and quarterly

Thank you. This seems important to learn more about
how aluminum sulfate influences water quality and if it



is re-released. I hope Ecology can use the information
gathered.

General Conditions G3.A.2. is important because it
says that applicants should obtain a permit only after
sharing all relevant facts.

Or can there be an office tasked with review of SEPA?

The definition of surface waters of the state are
described on page 47.

A document entitled ‘Proof of landowners
unreasonable interference with surface waters’
available at Westlaw, further defines surface water laws
in this state.

Appendix C on page 50 describes fluoridone mgt plans
and properly asks applicants to list animals and fish
etc.

Listing animals and plants can be difficult for some.
The WDFW PHS maps and info are sometimes masked
to protect locations of sensitive animals. I encourage
Ecology and WDFW to discuss how to solve and
streamline this. And a chat with USFWS. Is there any
way to communicate with WDFW about site specific
plans where fluoridone may be proposed?

There is a list of herbicides approved on page 16 of the
permit.

Some of those herbicides may be similar to the
photosynthesis-inhibiting herbicides referred to by
Lurling and Roessink, who describe how
photosynthesis-inhibiting herbicides may promote
cyanobacteria. To prevent cyanobacterial blooms,
Could you all elaborate on the type of herbicides that
promote cyanobacteria?
https://pubmed.ncbi.nlm.nih.gov/16540149/.
For instance diquat is approved but it is a
photosynthesis inhibitor. The article above said that a
photosynthesis inhibitor herbicide promotes growth of
cyanobacteria.

Comments on fact sheet.

The factsheet is for 2021. (Page 1 of the Fact Sheet) Please update for 2026
Ecology will NOT revise the original fact sheet after it
publishes the notice. (page 1 of fact sheet)

It seems Ecology should revise the fact sheet to
explain changes and the technical basis for the
decisions. If a permit changes in its technical
requirements it seems pertinent to revise the original
fact sheet.

Formative events include some legal history. It seems important to also discuss the PCHB ruling on
the Benton County Mosquito District v. Ecology, which
discussed or decided on Ecology’s role in
administering NPDES. I think the article below does
not really address all the issues of the Benton Cty s.
Ecology by the way.
And, San Francisco v. EPA.
https://perkinscoie.com/insights/update/washington-
pollution-control-hearings-board-rules-ecology-
exceeded-its-authority

Page 4 of fact sheet describes how dying plants deplete
dO

Please add in text about how low dO may release P
from sediments and exacerbate HABs.  How many
plants can we all kill before the dO plummets?

Page 5 describes how much algae is beneficial, may be
a nuisance but not a public health risk

Great. This is important for people to understand!!
Maybe compare how dO in Capital lake is ok because
the river runs through it so Capital lake does not tend
to have HABs because of that increase in dO from the
flow-through (interesting). Also, So many lakes do

https://pubmed.ncbi.nlm.nih.gov/16540149/
https://pubmed.ncbi.nlm.nih.gov/16540149/


host spores of all sorts of algae including HAB in the
sediments.

Page 5 describes how cyanobacterial blooms can be
toxic and phosphorus contributes to algae growth.

Great. But this could be improved by some text on how
herbicides may create low dO and increase P levels in
the water column, contributing to algal blooms.

Page 7 describes some legal cases. Improve by updating with recent cases and explaining
how the CWA case in San Francisco affects this permit.
.

Page 11 describes when a Tier 2 analysis is done.  I
believe it implies that a Tier 2 analysis won’t be done
for high quality water bodies that are going to hae a
lowering of water quality

It is alarming that a Tier 2 analysis is not done if water
quality  is going to e lowered in lakes with high water
quality. This baffles me. What if those water bodies
have listed species?  It is unclear that it is in the public
interest to degrade water quality that is high quality.

Page 12 says:

‘Individual actions covered under a general permit do
not need go through independent Tier 2 review.
Ecology considers is important that the public have the
opportunity to weigh in on whether individual actions
are in the overriding public interest. The
antidegradation rule establishes a refutable
presumption that they do, but only through a public
notice of intent to provide coverage and expected
compliance with antidegradation does the general
public have an opportunity to question individual
actions.

Please rewrite this ‘establish a refutable presumption’
in plain talk.  This is legalese that several PhDs did not
really get..I thought WA was used to use Plain
Talk. I run this statement by people and they don’t
know what it means. I so want to be wrong here. But i
believe that
‘No Tier 2 review’ means there is no additional review
of impacts to waters of higher quality from projects
that are new or about to be permitted. Are you kidding?
Who wrote this in?
Has there ever been a real review of whether there has
been compliance with maintaining water quality?
Don’t see see cyanobacterial blooms after herbicide
use?
Water quality includes a whole suite of things
including narrative things like wildlife habitat. When
herbicides are used on big canarygrass mats, the
effective water depth on top of that gets shallower
because the organic plant mass that created shallow
conditions goes away

People care about fish and wildlife and lake use and
avoiding the extensive use of chemicals in lakes.
Can there be increased outreach on the public notice of
intents to provide coverage? Social media. No one uses
newspapers.

Page 12 mentions non-numeric water quality effluent
limits

I presume these are then narrative criteria.

Primary contact recreation and Boating are only 2 of
many uses of waters (WAC 173-201A-200(4). So is
wildlife habitat (WAC 173-201A-200(4). So i Warm
Water Species should then include Olympic
mudminnow shouldn’t it? they need plants in the water
to breed and hide from predators.

reference to use of imazapyr is somewhere in this
permit

use of imazapyr only temporarily controlled
parrotfeather in a paper by Kuehne and olden in 2015,
who also found mudminnow associated with
groundwater of 13 to 15 Celsius rather than the
mainstem temps of 20 C

https://drive.google.com/drive/folders/1oKc5a0lmqfi0
O2MGfJidEsHkhW4Ble_q



Page 12 mentions non=-numeric water quality effluent
limits.

Can there be some language added to protect the dO
and vegetation conditions needed by the Olympic
mudminnow in Western Washington. Olympic
mudminnow is a fish that occurs in the Chehalis Basin
and a few other places in Western Washington This
includes roadside ditches and often with standing
water. It tends to occupy places that may have low dO
and dense vegetation (see Adey1 et al 2018 page 271).
On page 273 of Adey it says that the mudminnow in
Wisconsin are protected by dense vegetation. My
understanding is that herbicide reduces dense
vegetation. The  fish secures its eggs onto aquatic
vegetation in spring so ensuring that that vegetation
recovers is important. In a lab reproductive activity
started after water temp increased to 15 C and daylight
was 16 hours (Hagen and Moodie 1972). In one study
in Satsop area, mudminnow were full of eggs by end of
February and young of the year were observed in early
June (Schulz). So spawning was likely in spring. The
fish Novumbra hubbsi occurs in ditches that can dry
up. They are found in a wide array of water bodies
‘choked with vegetation’ because they breathe air
sometimes so they can also live where other fishes do
not including in small lakes that have Myriophullm etc.
Oncorhyunchus kisutch, a salmon, co-occurred with
Novumbra sometimes (Harris Thesis 1974 page 218.

https://drive.google.com/drive/folders/1oKc5a0lmqfi0
O2MGfJidEsHkhW4Ble_q

1 https://drive.google.com/drive/folders/1oKc5a0lmqfi0O2MGfJidEsHkhW4Ble_q



Bonnie Blessing
Salmon get preyed on by bass blugill and perch that tend to use different amounts of littoral aquatic
vegetation. At some point, Ecology should consider reviewing the literature on how much littoral
vegetation should be removed. Here's 3 articles related to use of littoral vegetation by salmon
predators. Perhaps this has already been done but if not, maybe its useful
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Effect of Fluridone on Macrophytes and Fish
in a Coastal Washington Lake
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ABSTRACT

 

Loomis Lake, a long narrow shallow lake on the coast of
Washington State, had a submersed plant community domi-
nated by the invasive non-native species Eurasian watermil-
foil (

 

Myriophyllum spicatum

 

 L.) and egeria (

 

Egeria densa

 

Planch.). In 2002, the whole lake was treated with the liquid
formulation of the aquatic herbicide fluridone (1-methyl-3-
phenyl-5-[3-(trifluoromethyl) phenyl]-4(1

 

H

 

)-pyridinone).
We monitored aquatic plant frequency of occurrence and
biomass before herbicide application (2002) and for three
years after the treatment (2003 to 2005). The fish population
was assessed one year prior to herbicide treatment (2001)
and three years post treatment (2005). Prior to domination
by invasive macrophytes, the lake had a diverse native plant
community with low growing species in the deep water pro-
viding open water. During that time the lake supported a

stocked rainbow trout (

 

Oncorhynchus mykiss

 

 Walbaum) and
warmwater fishery. As invasive macrophytes took over, the na-
tive plant richness decreased, the trout stocking program
ceased, and small yellow perch (

 

Perca flavescens 

 

Mitchill)
dominated the fish community. The herbicide treatment re-
sulted in a significant reduction in frequency (86% for ege-
ria, 84% for Eurasian watermilfoil) and biomass (98% for
egeria, 99% for Eurasian watermilfoil) of the invasive species
for three years. The native submersed plant community was
also significantly reduced for the study duration. We attribut-
ed this to fluridone use at a nonselective rate and poor light
penetration caused by wind-induced sediment entrainment.
After treatment the growth of largemouth bass (

 

Micropterus
salmoides

 

 Lacepede) and pumpkinseed sunfish (

 

Lepomis gibbo-
sus 

 

Linnaeus) increased. In addition, the abundance of small
yellow perch decreased while abundance of larger pumpkin-
seed sunfish increased. 

 

Key words: Egeria densa, 

 

Eurasian watermilfoil, herbicide,
largemouth bass, 

 

Myriophyllum spicatum, 

 

pumpkinseed sun-
fish, yellow perch.

 

INTRODUCTION

 

To better understand the impacts of aquatic herbicides on
nontarget plants under local conditions, the Washington De-
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partment of Ecology (WDOE) has conducted monitoring stud-
ies for each of the herbicides allowed for use in Washington.
Prior to inception of this project, fluridone (1-methyl-3-phenyl-
5-[3-(trifluoromethyl) phenyl]-4(1

 

H

 

)-pyridinone) combined
with follow-up spot treatment methods had been used to
achieve control and occasional eradication of Eurasian water-
milfoil (

 

Myriophyllum spicatum

 

 L.) from specific waterbodies in
the state. However, no data on impacts to nontarget plants or
fish had been collected during those projects. The purpose of
this project was to provide those data.

Loomis Lake, the study site, is a 69-ha lake located in the
coastal dunes of southwestern Washington (Figure 1). It is

on a peninsula, with the Pacific Ocean about 1 km to the
west and Willapa Bay about 1 km to the east. The climate is
wet and cool, with frequent strong storms during the winter.
The lake is 3.2 km long by 250 m wide, with 6.9 km of shore-
line. Development of the shore is limited to several houses
and a public boat launch with a fishing dock on the west
shore. The maximum depth is 3 m with an average depth of
1.5 m (Bortleson et al. 1976). Tannins stain the water, and
high levels of nutrients result in a eutrophic classification
(O’Neal et al. 2001). The shallow nature of the lake prevents
development of a thermocline.

Aquatic plants historically grew throughout Loomis Lake,
although in deeper water they were limited to low-growing
plant-like macroalgae prior to the invasion by non-native spe-
cies. Eurasian watermilfoil was first observed in the lake in
1996 and egeria (

 

Egeria densa

 

 Planch.) was found in 1999.
Both species are invasive non-native plants in Washington
State. Eurasian watermilfoil has been in Washington since at
least 1965 and is currently present in many waterbodies
throughout the state. Egeria was first found in Washington in
the early 1970s and is currently found in more than 20 lakes
in the western part of the state (Parsons 2007). When intro-
duced outside their native range, both species can dominate
the submersed plant community to the detriment of native
plant diversity, fish and wildlife habitat, water quality, flood
control, recreation, and aesthetics (Nichols and Shaw 1986,
Smith and Barko 1990, Madsen et al. 1991, Wells and Clayton
1991, Boylen et al. 1999, Valley and Bremigan 2002, Califor-
nia Department of Boating and Waterways 2006). Loomis
Lake was no exception; within a few years these two species
dominated the submersed plant community, forming a sur-
facing canopy throughout.

Loomis Lake was historically stocked with rainbow trout
(

 

Oncorhynchus mykiss

 

 Walbaum). However, as invasive macro-
phytes filled the lake the quality of the fishery declined, so
stocking was eliminated from 2000 to 2002. In 2003 limited
stocking resumed, was suspended in 2004, and resumed
again in 2005. In addition to the rainbow trout, introduced
warmwater species included yellow perch (

 

Perca flavescens

 

Mitchill), largemouth bass (

 

Micropterus salmoides

 

 Lacepede),
pumpkinseed sunfish (

 

Lepomis gibbosus 

 

Linnaeus), black
crappie (

 

Pomoxis nigromaculatus 

 

Lesueur), brown bullhead
(

 

Ameiurus nebulosus 

 

Lesueur), and bluegill (

 

Lepomis macrochi-
rus 

 

Rafinesque). Two native species, sculpin (

 

Cottus

 

 sp.) and
three-spine stickleback (

 

Gasterosteus aculeatus 

 

Linnaeus) were
also present (Mueller 1998).

In 2002, the U.S. Army Corps of Engineers, Seattle Dis-
trict, and WDOE jointly funded this study on the use of fluri-
done to control both the Eurasian watermilfoil and egeria in
Loomis Lake. The WDOE monitored macrophytes pre-treat-
ment (2002) and for three years post-treatment (2003 to
2005) to assess the herbicide’s effectiveness at controlling
the two target invasive species as well as impacts on native
vegetation. In addition, the Washington Department of Fish
and Wildlife conducted a fish population assessment of Loo-
mis Lake one year prior to treatment (2001), and three years
after the herbicide treatment (2005). These assessments de-
termined species richness, relative abundance (as measured
by catch rates), and growth rates, all of which may be affect-
ed by the density and abundance of macrophytes.Figure 1. Loomis Lake, Washington. Depth contour intervals are 0.9 m.
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MATERIALS AND METHODS

Herbicide

 

The typical scenario for a whole-lake fluridone treatment
is to maintain low concentrations for a long time period.
Concentration and exposure time (CET) requirements to
control Eurasian watermilfoil are well documented (Getsing-
er and Netherland 1997, Netherland et al. 1997). To achieve
selective Eurasian watermilfoil control, the recommended
CET is 4 to 5 ppb for 60 days (Cockreham and Netherland
2000, Madsen et al. 2002, Pedlow et al. 2006, Wagner et al.
2007). When this study began, less work had been done on
CET requirements for egeria than for Eurasian waterfoil.
Laboratory studies indicated that concentrations of 8 to 12
ppb were lethal to egeria (Cockreham and Netherland
2000). To substantiate this, we used the SePRO Corporation
PlanTEST® method to determine the target CET. This re-
quired that egeria from Loomis Lake be sent to the corpo-
rate lab for individual susceptibility tests. Results
recommended a CET of 12 ppb for a minimum of 8 weeks
for control. This treatment rate is above what Netherland et
al. (1997) recommended for selective control, therefore die-
off of native plant species, while not desired, was expected. 

The initial herbicide treatment took place on June 28,
2002, using the liquid fluridone formulation (Sonar AS®).
This treatment date was chosen because plants are typically
still in a pattern of rapid spring growth in the wet cool cli-
mate of Loomis Lake, and it is at the end of the rainy season
so herbicide dilution would be minimized. Approximately
every two weeks from mid-July until the end of August water
samples from three sites were tested for fluridone concentra-
tion using FasTEST® (an enzyme-linked immunosorbent as-
say (Netherland et al. 2002). Results of these tests indicated
that additional herbicide was periodically required to main-
tain the target concentration of 12 ppb. The herbicide was
added on July 11, July 30, August 14, and August 28 (T. Mc-
Nabb, Aquatechnex, 2002, pers. comm.).

We did not expect the herbicide treatment to fully eradi-
cate the egeria and Eurasian watermilfoil because previous
experience had shown some form of follow up treatment is
nearly always required. The Aquatic Plant Management Plan
for Loomis Lake identified diver hand pulling as the follow-
up method of choice to remove surviving invasive plants (En-
virovision 1998). If the recovering plants were too numerous
or widely scattered for diver hand pulling to be practical, ad-
ditional herbicide treatments were considered.

 

Aquatic Plants

 

Aquatic plant biomass and frequency of occurrence data
were collected in June of each year; once before the herbi-
cide treatment (2002) and for three years after treatment
(2003 through 2005). Species richness was also determined
by listing all aquatic plant species observed, both at sample
points and any new ones observed between points.

The point-intercept method was used to gather presence-
absence data for species frequency of occurrence as per Mad-
sen (1999). We created a 50 by 50 m grid covering the whole
lake using a Geographic Information System. Each grid in-

tersection was a sample point, provided as UTM (Universal
Transverse Mercator) coordinates. In 2002, the grid pro-
duced 251 sample points; from 2003 to 2005 the grid was
modified slightly and resulted in 238 points. A Geographical
Positioning System (GPS) unit was used to locate the points
in the field. At each point macrophyte data were collected by
using a sampling rake. The rake was deployed twice at each
point, and all species collected were recorded. The data were
analyzed using Chi square two-by-two analysis for the species
present in at least 10% of samples during at least one sam-
pling event.

Biomass samples were collected by a SCUBA diver from 50
points randomly selected from the frequency data grid. At
each point the diver collected the sample using a 0.1-m

 

2

 

frame placed on the sediment (Madsen 1993). All above-
ground plant matter was collected and placed in a mesh bag.
The samples were sorted by species and dried in a forced air
oven at 60 to 70 °C to a constant weight and weighed to 0.01
g accuracy. Analysis of variance was performed on log trans-
formed data to check for significant differences before and
after treatment. The resultant p-values were adjusted using a
Bonferroni post-hoc test to adjust for multiple comparisons.

Water transparency data were also collected during each
visit using a standard 20-cm secchi disk.

 

Fish

 

The fish community was surveyed in June of 2001 and
2005 following methods outlined by Bonar et al. (2000).
Sampling occurred during the evening hours to maximize
the type and number of fish captured. Fish were captured us-
ing three sampling techniques: electrofishing, gill netting,
and fyke-netting. The electrofishing unit consisted of a
Smith-Root SR-16s electrofishing boat, with a 5.0GPP pulsa-
tor unit. Experimental gill nets, 45.7 m long by 2.4 m deep,
were constructed of four sinking panels (two each at 7.6 m
and 15.2 m long) of variable-size (1.3, 1.9, 2.5, and 5.1 cm
stretch) monofilament mesh. Fyke (modified hoop) nets
were constructed of five 1.2-m diameter hoops with two fun-
nels, and a 2.4-m cod end (6 mm nylon delta mesh). At-
tached to the mouth of the net were two 7.6-m wings, and a
30.5-m lead.

The 2001 survey spanned four days (June 12-15) and the
2005 survey spanned three (May 31-June 2). Each survey con-
sisted of 12 electrofishing sections, 6 to 8 gillnet sections, and
6 to 8 fyke net sections (6 each in 2001; 8 each in 2005). Elec-
trofishing sample locations were selected from a map by di-
viding the entire shoreline into 400-m sections, numbering
them consecutively, and randomly choosing them without
replication. The electrofishing boat was maneuvered slowly
through the shallows (1 to 3 m deep) for 600 sec in each sec-
tion. Gill nets were fished perpendicular to the shoreline;
the small-mesh end was tied off to shore, and the large-mesh
end was anchored off shore. Fyke nets were fished perpen-
dicular to the shoreline as well. The lead was tied on shore,
and the cod-end was anchored off shore, with the wings an-
chored at approximately a 45° angle from the net lead. Fyke
nets are fished with the hoops 0.3 to 0.5 m below the water
surface, which sometimes requires shortening the lead. Both
nets types were set at dusk and retrieved in the morning, with
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soak time recorded as “net nights” (1 net set over 1 night = 1
net night).

With the exception of sculpin (family Cottidae), all cap-
tured fish were identified to species level. Most fish were
measured to the nearest millimeter (mm) total length, and
weighed to the nearest gram (g). Fish <70 mm were not
weighed due to inadequate scale precision. To reduce han-
dling stress on fish, where large numbers (>200) of obviously
similar-sized fish were collected simultaneously, a subsample
was measured to the nearest millimeter and weighed to the
nearest gram. The remaining fish were counted and the sub-
sampled data expanded. Weights were then assigned using a
length-weight regression formula. Scales were taken from
five individuals of each warmwater game species per centime-
ter size class (>70 mm) for aging purposes. Total and incre-
mental lengths at annulus formation were back-calculated
using the Fraser-Lee method with 

 

y

 

-axis intercepts specified
by Carlander (1982).

The species composition expressed as the number of fish
captured was determined by counting all the fish in a given
species. Species composition expressed as weight percentage
(%w) of fish captured was determined by dividing the total
weight of fish of a given species by the total weight of the
sample. All fish, including young-of-the-year, were used to de-
termine biomass and species composition; the impact of
young-of-the-year fish on data analysis was minimal due to
sample timing (early June for both surveys).

Catch-per-unit-of-effort (CPUE) data, which measures the
number of fish in each species collected with a given sam-
pling gear over a standardized unit of time, was used to com-
pare the relative abundance of stocks between lakes or over
time. For electrofishing, the results were expressed as the
number of fish caught per hour. The CPUE for gill nets and
fyke nets is expressed as the number of fish caught per net-
night. An average CPUE (across sample sections) with an
80% confidence interval was calculated for each species and
gear type. The CPUE of stock length and sub-stock length
fish was calculated separately (stock length is approximately
20 to 26% of the all-tackle, world record length for each spe-
cies, and often correlates to age of maturity (Gablehouse
1984). Analyses of means for CPUE data were calculated us-
ing the Mann-Whitney rank-sum test with 

 

α

 

 = 0.05.
To evaluate fish growth in the years immediately adjacent

to the herbicide treatment, growth rate assessments were
conducted using incremental length-at-age data (growth that
occurred between annulus formation). Incremental length-
at-age date was considered superior to total length-at-age da-
ta because the former provides growth data specific to one
year, whereas the latter is the cumulative growth of a fish’s
entire lifespan and is therefore influenced by previous years’
growth rates. To limit the potential influence of age effects
on growth (different growth rates inherent to different age
fish), comparisons were limited to like age-classes.

For each calendar year, mean incremental lengths-at-age
for each cohort were produced. From these data a cumula-
tive mean for each age-class was calculated spanning 1997 to
2004 (growth data from a 1997 Loomis Lake fish inventory
(Mueller 1998) was included.) The mean incremental
length-at-age for each cohort in each calendar year was then
compared to the cumulative incremental length-at-age for

the corresponding age-class and expressed as a percent dif-
ference. For example, the mean incremental length of age-1
largemouth bass from 2001 (64.27 mm) was compared to the
mean incremental length of all age-1 largemouth bass from
1997 to 2004 (77.24 mm) and expressed as a percent differ-
ence (-16.8%). A comparison of means to determine a statis-
tically significant difference between these data sets was
conducted using the Mann Whitney rank sum test per Klumb
et al. (1999).

 

RESULTS AND DISCUSSION

Herbicide

 

The average herbicide concentration varied between 10
and 26 ppb throughout the treatment period (Figure 2).
This was above the target CET normally used for Eurasian
watermilfoil control, and only dipped below the target con-
centration for egeria during a short period at the end of July.
An additional water sample collected October 30, 2002,
showed the fluridone persisted into autumn, with a concen-
tration of 10 ppb at that time (T. McNabb, Aquatechnex,
2003, pers. comm.).

 

Aquatic Plants

 

During routine monitoring before the submersed plant
community became dominated by egeria and Eurasian water-
milfoil, 16 submersed and floating-leaved aquatic plant spe-
cies had been observed (Table 1; pre-2000 column). In 2002,
just before the herbicide treatment, the number of species
was reduced to 12; four pondweed species were not found.
At that time the invasive species were growing to the surface
nearly throughout the lake. They were the most frequently
encountered species (Table 2) and accounted for 91% of the
plant biomass (Table 3). Other studies have also document-
ed declines in native macrophyte species richness corre-
sponding to dominance by invasive macrophytes (Madsen et
al. 1991, Trebitz et al. 1993, Boylen et al. 1999). Thus the ege-
ria and Eurasian watermilfoil were dominating the plant
community to the extent that several native plants were elim-

Figure 2. Fluridone concentration results from FasTEST® for Loomis Lake,
WA. Arrows indicate dates when herbicide was added to maintain levels at or
above the target concentration of 12 ppb.
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inated from the lake or had become so rare that they were
not observed using any of our sampling methods.

One year after treatment (YAT), in June 2003, the sub-
mersed and floating-leaved plant community had changed
substantially. Four sparsely distributed submersed or float-
ing-leaved species were recorded (Table 1), 75% of sample
points contained no plants (Table 2), and total plant biomass
was reduced by 97% (Table 3). Egeria and a small amount of
eelgrass pondweed were the only submersed plants found.
Most of the egeria had black stems and leaves, with only a
green inner stem to indicate it may be viable. A large die off
of native plant species during the year of treatment was ex-
pected because of the concentration of fluridone adminis-
tered to control egeria. Concentrations of 10 ppb or higher
with an exposure time of several months will significantly re-
duce many native species (Netherland et al. 1997, Welling et
al. 1997, Wagner et al. 2007). However, we expected to see
greater recovery by one YAT.

A corresponding difference one YAT was a reduction in
water clarity. Because Loomis Lake is long, narrow, shallow,

and subject to strong winds that accompany frequent storms
off the Pacific Ocean, the fetch is the entire 3.2 km length of
the lake. Notable sediment entrainment occurred when
plant death left large areas of the lake bed unprotected. This
was evidenced in the Secchi depth, which averaged a tannin-
stained 1.5 m in summers 1997 and 1999 prior to treatment
(Smith et al. 2000, O’Neal et al. 2001), but fell to a muddy-
looking 0.6 m during sample collection one YAT. Loomis
Lake is also prone to periodic algae blooms, which may have
contributed to the reduction in water clarity. Decreases in
water clarity have corresponded with other whole lake fluri-
done treatments, especially in nutrient-rich lakes where
planktonic algae take advantage of reduced competition
from macrophytes and in lakes where the CET of fluridone
was high enough to reduce native plant growth (Valley et al.
2006, Wagner et al. 2007). Thus, it was likely a combination
of the long exposure to relatively high levels of fluridone
along with reduced water clarity one YAT that prevented na-
tive macrophytes from recovering quickly from the herbicide
treatment. By June 2004 (two YAT) the Secchi depth had im-
proved to pretreatment values (1.7 m).

Healthy looking egeria was found at a few sample points
two YAT (2004; Tables 2 and 3). We also noticed egeria
patches outside the sample points, especially at the north
end of the lake where sediment is deep and flocculent. A
SCUBA diver was contracted to hand-pull the recovering
plants in August 2004. The diver pulled some egeria, but af-
ter a short time in the water, realized the amount of egeria
present was more than could be controlled within the
project budget (D. Freeland, ACE Diving, 2004, pers.
comm.). Although Eurasian watermilfoil was not collected at
any sample points in June 2004, it was spotted by the diver in
August, and a few plants were removed. By June 2005 (three
YAT) both Eurasian watermilfoil and egeria samples were
collected in frequency of occurrence (Table 2) and biomass
(Table 3). We had hoped the combination of fluridone and
hand pulling would eradicate the two invasive weeds, as has
been the case with Eurasian watermilfoil in other Washing-
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Ceratophyllum demersum
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√

 

√

 

Egeria densa
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√
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Elodea sp.
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√

 

√
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√

 

√

 

√

 

Myriophyllum spicatum
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√

 

√
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Najas sp.

 

water-naiad s
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Nitella sp., Tolypella sp.

 

macro-algae s
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Nuphar polysepala

 

yellow waterlily fl
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√

 

√

 

√

 

Nymphaea odorata
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√
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√
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√
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THE PLANT WAS FOUND IN LOOMIS LAKE, WA, JUNE 2002 TO 2005.

Plant

% present

June ’02 June ’03 June ’04 June ’05

Egeria 59 16* 0.4* 8*
Eurasian watermilfoil 82 0* 0* 13*
Coontail 16 0* 0* 5*
eelgrass pondweed 56 2* 3* 20*
Elodea 33 0* 0* 0.4*
water-naiad 0.8 0 18* 32*
macroalgae 2 0 47* 52*
No Plants 3 75* 42* 30*

*significantly different from pretreatment frequency of occurrence (June 
2002). Significance level corrected for multiple comparisons is p < 0.017.
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ton lakes; however, the degree of plant recovery, along with
the poor water clarity, made diver hand pulling impractical.

Although eradication was not realized, the treatment
achieved 100% control of Eurasian watermilfoil one YAT that
lasted into early summer two YAT. The treatment also provid-
ed control of egeria for the duration of the study. There was
a 73% reduction of frequency and 94% reduction in biomass
of egeria one YAT. These numbers were higher two YAT
(>99% reduction in frequency and biomass), likely due to
our overestimation of the viability of egeria remaining on the
sediment during the one YAT sampling. By three YAT Eur-
asian watermilfoil, as well as egeria, were present in samples,
though they were still significantly reduced compared with
pretreatment (Eurasian milfoil, 84% reduction in frequency
and >99% biomass reduction; egeria, 86% reduction in fre-
quency and 98% biomass reduction). In 2006, herbicides
were again used to control the recovering Eurasian watermil-
foil and egeria.

At two YAT, native macrophyte richness was beginning to
recover, and by three YAT, 15 submersed and floating leaved
species were found (Table 1). Floating-leaved pondweed was
the only species historically present in the lake that was not
seen after the treatment. We did not see large-leaf pondweed
three YAT but found a very small patch two YAT. Whitestem
pondweed was not known from the lake prior to the treat-
ment, but was present two and three YAT.

In spite of recovering species richness, the frequency of
sample points with no plants was significantly higher than
pre-treatment for three YAT (Table 2). Common elodea, ee-
lgrass pondweed, and coontail, all common before treat-
ment, were significantly reduced for three YAT (Tables 2
and 3). Common elodea was the slowest of the three to
show signs of recovery. It was absent from samples until
three YAT, and then frequency of occurrence was reduced
99% compared with pretreatment data (it was not collected
in biomass samples). Frequency of coontail was reduced
69% three YAT. Other studies have also found that elodea
and coontail are susceptible to fluridone at the CET used in
Loomis Lake and are reduced or eliminated after treatment
(Netherland et al. 1997, Smith and Pullman 1997, Poovey
et al. 2004, Harmon et al. 2005, Valley et al. 2006, Wagner et
al. 2007). Eelgrass pondweed is susceptible to fluridone at
concentrations >20 ppb, and intermediately susceptible at

concentrations <20 ppb (Hauxwell and Wagner in prep).
For the majority of this study, fluridone concentrations
were between 10 and 20 ppb (Figure 2). Also, plants that
produce vegetative reproductive structures recover more
quickly from fluridone treatments (Netherland et al. 1997),
and eelgrass pondweed produces leafy turions (Haynes and
Hellquist 2000). Thus the combination of its higher toler-
ance to fluridone, the dormant turions, and the fact that it
was the most common native plant prior to treatment likely
enhanced the recovery of eelgrass pondweed above that of
most other native species.

The two most common submersed species two and three
YAT were macroalgae and water-naiad. Their frequency of
occurrence and biomass were significantly higher than prior
to treatment (Tables 2 and 3). These were also shown to re-
cover most quickly from fluridone in mesocosm experiments
(Netherland et al. 1997) and increased quickly after some
whole-lake treatments (Crowell et al. 2006), although in a
different study, Wagner et al. (2007) showed naiad species
took three to five years to recover from whole lake fluridone
treatments. Naiad is an annual plant that relies on seed for
reproductive success (Wingfield et al. 2004), so its recovery
was likely driven by seed germination. Macroalgae have dem-
onstrated tolerance to fluridone in other studies (Welling et
al. 1997; Hauxwell and Wagner, in prep,); therefore we sus-
pect the absence of this plant from samples one YAT was due
more to growth inhibition from turbidity than direct impacts
by the herbicide. After the water cleared, the macroalgae col-
onized much of the area opened up by the vascular plant re-
moval.

Fish

Nine fish taxa were collected from Loomis Lake in 2001.
In 2005, bluegill were missing from the sample, for a total of
eight taxa (Table 4). Largemouth bass, pumpkinseeds, and
yellow perch dominated the species composition of both sur-
veys. Combined, they account for 97% of the abundance by
number and 89% of the weight in 2001, and 94% of the abun-
dance by number and 76% of the weight in 2005 (Table 4).
With the possible exception of the hatchery-planted rainbow
trout, whose abundance is independent of the lake environ-
ment, no other taxa had sufficient samples sizes to assess. 

TABLE 3. AQUATIC PLANT MEAN DRY WEIGHT BIOMASS WITH STANDARD DEVIATION IN PARENTHESES AND BONFERRONI ADJUSTED ANOVA RESULTS FROM COMMON 
SUBMERSED SPECIES IN LOOMIS LAKE, WA, JUNE 2002 TO 2005.

Plant

Biomass (g/m2)

June 2002  June 2003 June 2004 June 2005

Egeria 157.7 (263.9) 9 (16.5)* 0.5 (3.4)* 3.15 (17.3)*
Eurasian watermilfoil 129.4 (165.5) 0* 0* 0.5 (1.6)*
Coontail 1.3 (6.4) 0 0 0.3 (1.5)
eelgrass pondweed 13.2 (23.8) 0* 0.2 (0.8)* 1.1 (3.5)*
Elodea 3.56 (12.6) 0* 0* 0*
water-naiad 0 0 0.07 (0.2) 0.2 (0.3)*
macroalgae 0.07 (0.34) 0 0.9 (3.5) 18.7 (43)*
Total of all plants 313.9 (256.7) 9 (16.5)* 1.7 (4.9)* 26 (45.9)*

*significantly different from pretreatment biomass (June 2002) at p ≤ 0.05.
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Stock lengths for the three most abundant species in Loo-
mis Lake are 20 cm for largemouth bass, 8 cm for pumpkin-
seed, and 13 cm for yellow perch (Anderson and Neumann
1996). We collected CPUE data for stock length largemouth
bass, pumpkinseed, and yellow perch (Table 5), and data for
sub-stock length fish (excluding stock length and above; Ta-
ble 6). The stock length data show a significant decline in
gill-netted largemouth bass (P = 0.0084) and a significant in-
crease in electrofished (P = 0.0078) and fyke-netted (P =
0.001) pumpkinseeds in 2005 compared with 2001. The
CPUE data for sub-stock length fish showed a significant de-
cline of fyke-netted largemouth bass (P = 0.0102), and both
electrofished (P < 0.0001) and fyke-netted (P = 0.006) yellow
perch. The sub-stock length gill-net CPUE samples for all

three species were very small in both surveys, which is proba-
bly due to the inefficiency of gill nets in capturing small fish.

Both the CPUE and species composition data show the
fish community in 2001 was comprised of high numbers of
small fish (yellow perch), typical for lakes with high plant
density throughout the lake (Dibble et al. 1997). Although
the CPUE of stock length yellow perch did not change signif-
icantly after the herbicide treatment, the number of sub-
stock length yellow perch declined significantly. Conversely,
stock length pumpkinseeds increased post-treatment, with
no significant change in sub-stock length pumpkinseeds.
The decline in small yellow perch may be attributed to in-
creased largemouth bass predation (Guy and Willis 1991) be-
cause decreased macrophyte density is known to improve

TABLE 4. FISH SPECIES COMPOSITION BY WEIGHT PERCENTAGE (%W) AND NUMBER (#) FOR FISH COLLECTED FROM LOOMIS LAKE, PACIFIC COUNTY, WA, IN 
JUNE 2001 AND JUNE 2005.

Fish Species Scientific Name

Species Composition

2001 2005

(%w) (#) (%w) (#)

Yellow perch Perca flavescens 45.56 1178 35.88 242
Largemouth bass Micropterus salmoides 41.35 116 26.12 49
Rainbow trout Oncorhynchus mykiss 7.74 16 22.80 25
Pumpkinseed Lepomis gibbosus 2.34 100 13.88 355
Brown bullhead Ameiurus nebulosus 2.43 4 0.36 2
Bluegill Lepomis macrochirus 0.25 5
Black crappie Pomoxis nigromaculatus 0.16 3 0.53 5
Sculpin Cottus spp. 0.15 13 0.41 8
Three-spine stickleback Gasterosteus aculeatus 0.01 4 0.02 3

TABLE 5. AVERAGE CATCH PER UNIT EFFORT FOR STOCK SIZE FISH COLLECTED AT LOOMIS LAKE, WA, JUNE 2001 AND 2005 WITH 80% CONFIDENCE INTERVAL IN 
PARENTHESES.

electrofishing
(#/hour)

gill netting
(#/net night)

fyke netting
(#/net night)

2001 2005 2001 2005 2001 2005

largemouth bass 7.0 (2.3) 7.4 (3.8) 2.7 (0.9) 0.4 (0.2)* 0 0
pumpkinseed 9.0 (4.2) 27.2 (8.9)* 0.3 (0.3) 0.3 (0.3) 0.3 (0.3) 12.9 (3.2)*
yellow perch 75.0 (15.4) 89.3 (26.1) 5.8 (1.6) 3.1 (1.3) 5.0 (3.9) 3.3 (2.1)

*significantly different from 2001 CPUE (p ≤ 0.05).

TABLE 6. AVERAGE CATCH PER UNIT EFFORT FOR SUB-STOCK SIZE FISH (EXCLUDING STOCK SIZE AND LARGER) COLLECTED AT LOOMIS LAKE, WA, JUNE 2001 AND 
2005 WITH 80% CONFIDENCE INTERVAL IN PARENTHESES.

electrofishing
(#/hour)

gill netting
(#/net night)

fyke netting
(#/net night)

2001 2005 2001 2005 2001 2005

largemouth bass 29.0 (9.3) 15.0 (4.8) 0.3 (0.3) 0 4.3 (2.0) 0.3 (0.2)*
pumpkinseed 22.5 (11.5) 48.5 (17.2) 0 0 5.7 (3.2) 12.5 (3.2)
yellow perch 398.9 (41.0) 7.5 (3.3)* 1.5 (1.4) 0 26.0 (13.7) 0.1 (0.2)*

*significantly different from 2001 CPUE (p ≤ 0.05).
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predator efficiency (Crowder and Cooper 1982, Hayse and
Wissing 1996, Dibble et al. 1997). The changes we observed
in the size structure of the yellow perch population, from
one with many small fish to one with fewer but larger fish, is
a well known result of increased predation (Novinger and
Legler 1978, Tonn and Paskowski 1986). However, the in-
crease in pumpkinseed abundance is unexpected because
largemouth bass would be expected to prey on them as well,
unless they preferentially feed on yellow perch over pump-
kinseeds. The increase in pumpkinseed abundance could al-
so be caused by reduced competition for resources with the
decline in yellow perch. Resource utilization overlap occurs
in small fish of both species feeding on zooplankton (Hubert
and Sandheinrich 1983, Mittelbach 1984, Lott et al. 1996).

A potentially confounding factor to the CPUE data is the
effect the removal of vegetation may have had on the capture
efficiency of the various collection gears. Unfortunately, pub-
lished research on the subject is limited. Bayley and Austen
(2002) found that the catch efficiency of a boat electrofisher
was related to the percentage of a lake covered by macro-
phytes. Gill-net efficiency can be affected by twine diameter
and color, both of which alter the net’s visibility (Hansen
1974, Jester 1977), which could also be affected by the pres-
ence or absence of macrophytes. Weaver et al. (1993) found
differences in catch rates of fyke-nets fished at multiple sites
with a range of macrophyte density and species composition,
although whether the results reflect differences in fish abun-
dance at each site or differences in gear efficiency is unclear.
Anecdotal reports from the 2001 survey of Loomis Lake sug-
gests that the macrophyte density may have prevented the
lead lines of both net types from laying flush on the lake bot-
tom. Thus we do not know how much the presence or ab-
sence of macrophytes may have altered catch efficiency.
Adding further complexity, alterations in the catch efficiency
for each gear type may have species-specific impacts.

Age data were collected on 53 largemouth bass, 24 pump-
kinseeds, and 62 yellow perch in 2001, and 44 largemouth
bass, 36 pumpkinseeds, and 48 yellow perch in 2005. Com-
bined growth rate data for all three species indicate im-
proved population growth for the two years subsequent to
the herbicide treatment (Figure 3). For four years prior to
the herbicide treatment (1997-2000) the combined growth
rate (measured as incremental lengths-at-age) of these three
species was 0.3% below the mean. After treatment (2003 and
2004), the combined growth rate was 7.9% above the mean.
When considering individual species cohorts, incremental
length-at-age data for 2004 for age-1 and age-2 largemouth
bass and age-1 pumpkinseed were significantly higher than
average (P = 0.0018 to <0.0001). Other studies have also
shown that largemouth bass and sunfish (bluegill and redear
sunfish) growth increased with total macrophyte removal
(Dibble et al. 1997). Age-1 largemouth bass from 2003 and
age-1 yellow perch from both 2003 and 2004 showed no sig-
nificant difference from the mean of all three surveys (P ≥
0.05). Other age-classes had insufficient data to analyze. 

When considering combined growth and abundance data,
fish growth typically has an inverse relationship to fish abun-
dance; fewer fish mean reduced competition for resources
and increased growth for the remaining individuals (Swingle
and Smith 1941, Partridge and DeVries 1999, Sass et al. 2004,

Aday et al. 2005, Headley and Lauer 2008). Our findings ap-
pear to disagree with this. In this study, largemouth bass ex-
hibited increased growth post-treatment (compared to
pretreatment growth) despite essentially unchanged abun-
dance. Pumpkinseed showed significant increases in both
growth and abundance post-treatment. Yellow perch showed
no significant growth increase post-treatment (again, com-
pared to pretreatment growth) despite significantly reduced
relative abundance.

The impact of vegetation removal on fish abundance,
growth, survival, and diversity has mixed results in literature
(Maceina et al. 1991, Bettoli et al. 1993, Olson et al. 1998,
Pothoven et al. 1999, Unmuth et al. 1999). Most found signif-
icantly increased growth in at least some age classes of some
species. Changes in abundance were highly variable depend-
ing on species, sampling gear, and predator-prey relation-
ships. Betolli et al. (1993) discovered significant alterations
in species richness and diversity as prey species adapted to
highly vegetated habitats gave way to those that prefer less
vegetation. They also found that although some changes
could be explained by species life histories, others could not.
In a study similar to Loomis Lake, Pothoven et al. (1999) fol-
lowed two lakes given whole-lake Sonar treatments and com-
pared results to three control lakes. Largemouth bass and
bluegill exhibited increased growth rates, but showed mixed
results for abundance, depending on species, age, and gear
type.

Fish response to vegetation removal appears to be highly
dependent on the underlying ecosystem dynamics. The den-
sity of macrophytes before and after removal, the difference
in density as a result of removal, and the persistence of the
removal all appear to be factors. Fish life histories and preda-
tory and competitive pressures, both intra- and inter-specific,
also play a role.

In conclusion, the fluridone treatment at Loomis Lake
achieved a significant reduction in frequency (86% for ege-
ria; 84% for Eurasian watermilfoil) and biomass (98% for
egeria; 99% for Eurasian watermilfoil) for three YAT. Be-

Figure 3. Percent difference in cohort growth per year measured as incre-
mental lengths-at-age for largemouth bass (LMB), pumpkinseed sunfish
(PS) and yellow perch (YP) collected from Loomis Lake in June 2001 and
2005. Data compare the mean incremental lengths-at-age for Loomis Lake.
The weighted mean (Wgt Mean) of all three species is also shown.
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cause the CET was above that which will achieve species se-
lectivity, the herbicide treatment also significantly reduced
native plant frequency of occurrence and biomass for the
same time period. This allowed the lake to become more tur-
bid for one YAT. The fish community experienced a decline
of small fish, which had become abundant due to dense veg-
etation prior to treatment. After treatment, the growth of
largemouth bass and pumpkinseed and abundance of stock
size pumpkinseed increased. Whole-lake herbicide treat-
ments that reduce native plant cover in shallow nutrient rich
systems run the risk of producing an algae-dominated sys-
tem. The native plant community composition and tolerance
to herbicide CET, as well as the potential for algae and sedi-
ment entrainment, should be considered before use to avoid
potential long term impacts to the lake biota.
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Evaluation of a Late Summer Imazapyr Treatment 
for Managing Giant Reed (Arundo donax)
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ABSTRACT

Giant reed has invaded riparian habitats throughout Cali-
fornia and the United States. Imazapyr, which can be used

for California habitats with an appropriate application re-
gime, has only been recently approved for use in controlling
this species in California; therefore, little published data ex-
ists on its efficacy. We monitored a site where imazapyr had
been applied with the purpose of testing the hypothesis that
a 1.5% solution of imazapyr applied as a foliar spray was ef-
fective at killing giant reed. Plants treated with 1.5% imaza-
pyr had reduced leaf chlorophyll content less than 30 days
after treatment but recovered the following spring. Treat-
ment with 1.5% imazapyr did not significantly reduce the
proportion of living stems or prevent the production of new
stems during the spring following treatment.
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Synopsis

We developed and tested a new visual census technique to quantify the importance of vertical habitat
structure on the associated fish assemblages in the littoral zone of a freshwater lake. We demonstrated that
the primary environmental gradient, accounting for the most variation in the species data, represented a
temporal gradient of seasonal characteristics. The secondary environmental gradient was related to the
vertical structure at the sampling locations, showing the importance of the vertical component of the
environment on fish community structure. Characterizing the vertical component at different resolutions
provided different interpretations. The primary difference was the strength of influence of woody material
on community structure. Woody material had a stronger influence on community structure throughout the
water column when a single vertical unit defined the fish data. The appropriateness of defining the data by
either multiple vertical strata or by a single vertical one would be dependent on the objectives of the study,
as neither approach was found to explain substantially more variation in the species data. The current study
demonstrates that fish are closely associated with particular elements of habitat structure in the littoral
zone, even in the absence of major piscivorous predators. We provide a novel study quantifying the vertical
multiple habitat structures and habitat use by fish in the water column of a freshwater lake. The new
vertical visual census technique can be used to more comprehensively sample the three-dimensional envi-
ronment of lake littoral zones, and quantify the fish–habitat spatial relationships across a range of abiotic
and biotic habitat features.

Introduction

Aquatic ecosystems are naturally complex, making
it difficult to understand the processes that struc-
ture communities (Jackson et al. 2001). To discern
the processes that influence community structure,
the differential responses of assemblages and
individual species to environmental factors must
be examined (Weaver et al. 1996). To understand
the relationship between habitat and fish distri-
bution, it is necessary to characterize and quantify
aspects of the environment that are important to

fishes. Considering spatial and temporal changes
on a microhabitat scale may help to unravel some
of the complexity of aquatic ecosystems.

Habitat complexity or heterogeneity has been
shown to influence fish distribution in the littoral
zone of freshwater lakes (e.g. Pratt & Smokorowski
2003). Fish distribution has been linked to envi-
ronmental variables including the presence or
diversity ofmacrophytes (e.g. Pratt&Smokorowski
2003), shoreline aspect and substrate composition
(Gido et al. 2002), distance from shore, and lake
morphological features including lake size, lake
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depth and the associated thermal stratification.
However, whereas studies of other aquatic and
terrestrial systems have long recognized the impor-
tance of vertical habitat complexity and heteroge-
neity (e.g. Catsadorakis 1997, Grossman et al.
1998), lake studies have lacked a similar focus on the
three-dimensional aspect of the environment.

Habitat structure in freshwater lakes has often
been measured by considering the amount and
distribution of macrophytes. Studies have relied on
removing sections of vegetation from natural lake
habitat to determine the importance of macro-
phyte composition (e.g. Weaver et al. 1997).
However, more traditional approaches of quanti-
fying the vertical component of vegetation involve
the visual inspection of macrophytes to estimate
their relative abundance in an area of interest (e.g.
Tonn & Magnuson 1982) or to classify aquatic
plants as submerged, emergent, or floating types.
Estimating the percentage cover of vegetation has
not always been the best measure of habitat
structure because the vertical component of the
vegetation is often ignored. In such instances, two
very different types of vegetative structure may be
given the same weight in the analysis related to fish
community structure.

Macrophytes are the most commonly measured
element of habitat structure in the littoral zone of
freshwater lakes. Additional physical habitat fea-
tures such as woody material, also referred to as
woody debris or necromass, may influence fish
distribution in the littoral zone but have received
limited attention (e.g. Mallory et al. 2000). There
is a need for improved knowledge of a broader
base of habitat structures and their relation to fish
distribution; a comprehensive quantitative method
of sampling habitat and fish associations is the
most valuable approach. Quantifying woody deb-
ris and fish use of woody structure, other than that
associated with predator–prey interactions, would
be valuable for enhancing the current state of
knowledge of the role that woody debris plays in
structuring littoral zone fish communities.

Visual census

To understand fish community structure, both the
habitat and the fish must be sampled. Many
methods of fish sampling have limitations and
biases associated with them (Jackson & Harvey

1997). Visual census is a commonly used technique
for observing fish habitat and fish species associ-
ations in aquatic systems. The technique involves
either snorkeling or using SCUBA to remain in the
water for extended periods of time, using quadrats,
point-abundance sampling, or strip counts to
sample a variety of sites.

Our study developed and tested a new quadrat-
based, visual-census technique that quantified the
vertical-habitat structure and vertical habitat use
by fish. To most effectively test this technique, we
chose a small lake, Poorhouse Lake, which had no
development on the shoreline and lacked major
littoral predators such as bass, Micropterus spe-
cies, or pike, Esox lucius. The lack of major pre-
dators resulted in a lake system with a large
number of cyprinids that did not display predator-
escape behaviour in the presence of a snorkeling
observer (MacRae and Jackson 2001). The lack of
shoreline development ensured undisturbed littor-
al-zone habitat and suggested the presence of a
natural fish community, unaffected by introduced
or invading species. Within Poorhouse Lake, we
sampled 20 sites; we quantified both the habitat
structure and fish associations in three-dimensions.

Research objectives

The primary objective of the current study was to
develop and test a new visual-census technique for
quantifying the vertical component of habitat
structure and fish use of habitat in the littoral zone
of a freshwater lake. We used multiple, discrete
vertical strata to quantify vertical habitat structure
and fish position in the water column.We employed
multiple approaches for integrating or pooling the
data to determine how differences in the resolution
of vertical stratification affected the pattern of fish–
habitat interactions. Our approach can vertically
quantify both fish and habitat structure whereas to
date there has been a lack of focus on the three-
dimensional arrangement of habitat in lakes.

Methods

Study area

We chose Poorhouse Lake for this study based on
the following criteria: the accessibility of the lake,
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the absence of major predators, high numbers of
cyprinids and known species composition (Jackson
1992), adequate water clarity for visual census, and
heterogeneity of the littoral zone habitat. Poor-
house Lake, (45�22¢ N latitude and 78�45¢ W
longitude) has an area of 29.4 ha and a depth of
12.5 m at its deepest point, although this study
focused on the littoral zone.

Site selection

We first surveyed the entire shoreline to determine
the range of habitat types, from simple to complex.
We selected 20 sites around the perimeter of
Poorhouse Lake, each at approximately 1 m depth
within the littoral zone, for sampling throughout
the summer of 2001. We selected 15 of the 20 sites
based on the relative occurrence of particular
habitat types within the lake, and we chose five
sites at random. We selected each sampling site by
choosing a section representative of the general
area within each habitat type. We marked quadrat
sites with a short length (2–3 cm) of flagging tape
tied to a nail pushed into the sediment. The sites
chosen ranged from simple sandy sites to complex
sites, consisting of various combinations of woody
and rocky structures with vegetation, and a variety
of substrates. We mapped all sites to confirm the
habitat type within a radius of approximately
2 – 3 m of the quadrat marker.

We followed a standard protocol for collecting
habitat details at all sites. We set a temperature

logger at each site on 30 May, which remained in
the water until 29 September. Loggers were placed
at least 3 m from each quadrat center to prevent
the logger from becoming part of the three-
dimensional habitat of the site at locations lacking
vertical relief. Depth of the water column at all
quadrat markers was initially recorded in May and
monitored each month throughout the summer.
We measured the distance to shore from each
quadrat center once in May and once in August,
and set minnow traps at different times through-
out the summer to verify species identification.

For each trial, we approached the site slowly
from at least 5 m away by snorkeling and placed a
quadrat at the marker. Small fishing bobbers tied
to the ends of fishing line attached at each corner
floated to the surface and held the line vertical in
the water (Figure 1a). The lines were stratified
vertically, at 25 cm intervals and were numbered
consecutively from the lower most to the top. The
activity trial began 3–5 min after the quadrat was
in place so that the fish were acclimated to the
presence of the motionless swimmer and quadrat.
We recorded the following details underwater on a
clear Plexiglass slate, every minute for 10 min: the
abundance of each species of fish present in the
quadrat, the behaviour and activity exhibited by
each species, and the vertical position of the fish in
the water column. When more than 50 fish were
present at the site, single-minute observations
could not be made. In these cases, we recorded the
following information: total number of fish ob-

Figure 1. Quadrat used to quantify vertical and horizontal habitat structure (1 m2) in Poorhouse Lake littoral zone (a), and the three

resolutions of vertical stratification used for data organization: 25 cm strata (b), 50 cm strata (c), and the full water column as a single

vertical unit (d).
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served, an estimated percentage of each species
present, and the activity, behaviour, and position
of each species. To minimize disturbance to the
fish and habitat, there was little fin or arm move-
ment by the observer throughout each trial; a
position was chosen for observation that would
avoid casting a shadow onto the site. After the
trial, we recorded the amount of wood, rock, and
vegetation within each stratum using a modified
Domin scale (Kershaw 1973). Environmental data
collected included surface water temperature, air
temperature, time of day, and weather conditions;
the Beaufort wind scale was used to estimate wind
speed. Additional notes were made on the fish
observed in the general area and conditions spe-
cific to that day and trial. We determined substrate
type using a modified Wentworth scale (Cummins
1962); we estimated percentage cover of each
substrate type using the modified Domin scale, at
the end of the summer sampling period. In May
through August, we sampled Poorhouse Lake
twice per month. Within each sampling period, we
ran two sets of trials for all 20 sites. In September,
we sampled Poorhouse once with one set of trials.

Both shore distance and temperature range data
were log-transformed to approximate normal dis-
tributions and improve linearity between variables;
we performed square transformations on depth
and water temperature data. We used principal
coordinates analysis (PCoA; Legendre & Legendre
1998) with the Euclidean distance coefficient to
summarize the gradient among the eight substrate
variables used in data collection. A gradient of
coarse substrate types (e.g., boulder) to fine sub-
strate (organic silt) was summarized along the first
PCoA axis. We replaced the eight different sub-
strate variables by this single substrate variable,
which summarized a gradient from fine to coarse
substrate.

Fish species presence–absence data were orga-
nized into three different resolutions of vertical
stratification (Figure 1b–d) to better elucidate the
effectiveness of the new technique in capturing
community interactions. The finest level of reso-
lution treated the data as it was collected in the
field: the data was defined by vertical strata 25 cm
high, from the substrate to the surface, with each
site having four or five strata in total depending on
the site depth. The coarser level of resolution used
pooled data so that the water column was divided

into only two strata: the first extended from the
substrate to 50 cm above it, and the second ex-
tended from 50 cm above the substrate to the
water’s surface. The final, coarsest resolution used
pooled fish data that was defined by the single
vertical unit of the full water column (i.e. each site
had only one set of observations per survey).
However, in this final consideration of the data,
the vertical habitat measurements of wood, rock
and vegetation were included as separate variables
so that the role of these habitat structures could be
considered in the four vertical strata (25 cm) of the
water column. At this coarsest resolution, the fish
data were defined by the full water column but the
physical habitat attributes were still considered in
multiple vertical units. This approach allowed a
comprehensive evaluation of the influence of
individual habitat structures throughout the water
column on fish distribution.

We used correspondence analysis to summarize
species association relationships at each of the
three resolutions of vertical stratification. Biplot
scaling was used, with a symmetric focus. We ex-
cluded samples in which no fish were observed
from the analysis, as these cannot be included in a
CA approach. In total, we included 17 species and
classifications of fish in the analyses (Table 1).

Canonical correspondence analysis (CCA) was
used with each vertical resolution of data to
quantify the relative importance of vertical habitat
structure in influencing community structure,
compared to other environmental variables. As in
the CA, biplot scaling was used with a symmetric
focus, and only samples in which fish were ob-
served were included. To assess the importance of
the vertical component of habitat structure, stra-
tum designation was included as an environmental
variable at the two finest vertical resolutions. In
total, 10 environmental variables were included in
the CCA analysis of two out of the three levels of
data organization: data defined vertically at 25 cm
stratification and 50 cm stratification. When data
were pooled to represent the full water column,
vertical-habitat measurements were included to
evaluate the role of habitat structure in specific
sections of the water column: the percentage of
cover provided by vegetation, rock, and wood was
recorded for each stratum and treated as a
separate environmental variable. In total, 15
environmental variables were included. Certain
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environmental variables were measured at a single
point in time for each observation. As such, the
data collected for these variables did not accu-
rately reflect the potential influence of the vari-
ables on the habitat; they were therefore included
as covariables in all CCA analyses. In total, five
covariables were included in the analysis: cloud
cover, wind strength, wind–gust strength, time,
and air temperature. By making these five vari-
ables covariables, any confounding effects on the
remaining environmental variables or the fish
species patterns were removed.

Results

Correspondence analysis

Ordination plots illustrated the physical separation
between the young and adult fish at all three levels
of data organization (Figures 1b–d). The general
pattern was the same across the three resolutions
of data (Figures 2a–c); the two young species
classifications grouped together, the adults
grouped at the opposite end of the same axis, and
the ‘‘fry’’ (denotes very small fish that could not be
visually identified while in the water) aligned with
the alternate axis, separated from both groups.
The percentage inertia represents the percentage of
the total species inertia explained by each axis, a

measure similar to variance. The percentage of
inertia of species data explained (Table 2) in-
creases from the finest resolution of four vertical
strata (14.1 and 13.4% for axis 1 and 2, respec-
tively) to the coarsest level of resolution, the full
water column (17.4 and 16.2% for axis 1 and 2,
respectively). However, note that the total inertia
decreases substantially from the four strata verti-
cal component to the combined data format due to
the reduction in the size of the data matrix.
Therefore, as the total amount of variation ex-
plained by the species relationships decreases from
the level of four strata (4.006) to the full water
column (2.645) each axis’ eigenvalue represents a
greater percentage of that smaller total. The 6.1%
difference in the amount of variation explained by
the first two axes from the finest to the coarsest
vertical resolution was not substantial enough to
determine which resolution was the better method
of considering the data given the associated change
in the size of the matrices being considered.

Cumulative percentage variation of species data
was low in the CCA results for all three resolutions
of vertical stratification (Table 3). CCA can
produce low percentage inertia of species data
because data can be very noisy, especially pres-
ence–absence data (ter Braak 1998), or because the
fish community is not structured along the varia-
tion in the environmental conditions. Nearly three
quarters (73.8%) of the explained variation was

Table 1. Species list and codes for the 17 species and classifications of fish included in the analyses and graphical results.

Species code Common name Scientific name

bln-dc Blacknose dace Rhinichthys atratulus

blt-ns Bluntnose minnow Pimephales notatus

brk-sb Brook stickleback Culaea inconstans

cmn-sn Common shiner Luxilus cornutus

crk-cb Creek chub Semotilus atromaculatus

fat-hd Fathead minnow Pimephales promelas

‘‘fry’’ Very small fish that could not be visually identified while in the water

gld-sn Golden shiner Notemigonus crysoleucas

pkn-sd Pumpkinseed Lepomis gibbosus

rbl-dc Northern redbelly dace Phoxinus eos

Trout Brook trout Salvelinus fontinalis

Ukn Last year’s young-of-the-year N/A

ukn-cyp Unidentified cyprinid Cyprinidae

ukn-sn Unidentified shiner Cyprinidae

ylw-pr Yellow perch Perca flavescens

yoy This year’s young-of-the-year N/A

ypkn-sd Young-of-the-year pumpkinseed Lepomis gibbosus
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Figure 2. Correspondence analysis axes one and two, showing the association of fish species based on presence–absence data defined

by (a) 25 cm vertical stratification, Axis I and II summarized 14.1 and 13.4%, respectively, of the variation in the species data, (b)

50 cm vertical stratification, Axis I and II summarized 15.3 and 14.7%, respectively, of the variation in the species data and (c) the

single vertical unit of the full water column, Axis I and II summarized 17.4 and 16.2%, respectively, of the variation in the species data.
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represented by the species–environment relations
of the first two axes portrayed for the finest vertical
resolution of 25 cm strata. The amount of varia-
tion decreased slightly at the level of 50 cm strata
to 73.2%. When data were collapsed and the water
column was treated as a single vertical unit, the
cumulative percentage variation of species–envi-
ronment relations for the first two axes dropped to
63.6%. Similar to the CA results, the total inertia
was smaller at the coarsest level of vertical resolu-
tion: 2.645 versus 4.006 for the finest resolution.

The Monte Carlo test of significance of the first
canonical axis and the test of significance of all
canonical axes illustrated that the relationship
between the species and the environmental vari-
ables was highly significant (p=0.005) for the three
vertical resolutions used to study the community
structure.

The community structure at each resolution of
vertical stratification can be depicted by CCA
ordination diagrams. The finest resolution of
stratification was 25 cm stratum, with four or five
strata per site, depending on site depth. The first
axis of the ordination diagram at this resolution
represented a seasonal gradient (Figure 3a). The
depth, water temperature, and date variables were
closely aligned with the first axis and strongly
correlated with each other, as indicated by the
small angles between the vectors.

The second axis summarized a gradient in the
vertical habitat across sites. Vegetation was corre-
lated with fine substrate, increasing shore distance
and decreasing stratum level, suggesting that vege-
tation was foundmore in the lower part of the water
column, growing in fine substrate, and at sites that
were found on the gentler sloping shores of the lake

Table 2. Eigenvalues and percentages of variation from correspondence analyses of species presence–absence data at three resolutions

of vertical stratification; the number of samples in the fully collapsed data is not half that of the two strata vertical component because

not every site had fish present in the second strata and therefore, when it was collapsed the sample number only reduced by the number

of samples that had fish present in the second strata (i.e. 124 samples).

Axes 1 2 3 4 Total inertia

Four strata vertical component (n=676)

Eigenvalues 0.564 0.539 0.304 0.29 4.006

% Variation of species data 14.1 13.4 7.6 7.3

Cumulative % of species data 14.1 27.5 35.1 42.4

Two strata vertical component (n=426)

Eigenvalues 0.5 0.48 0.26 0.24 3.274

% Variation of species data 15.3 14.7 7.9 7.3

Cumulative % of species data 15.3 30 37.9 45.2

Collapsed data-full water column (n=302)

Eigenvalues 0.459 0.43 0.215 0.19 2.645

% Variation of species data 17.4 16.2 8.1 7.2

Cumulative % of species data 17.4 33.6 41.7 48.9

Table 3. Eigenvalues and percentages of variance from canonical correspondence analyses of species presence–absence and envi-

ronmental data at three resolutions of vertical stratification; Monte Carlo significant probabilities are shown in italics.

Axes 1 (p) 2 3 4 Total inertia

Four strata vertical component (n=676)

Eigenvalues 0.313 (0.005) 0.072 0.04 0.032 4.006

Cumulative percentage variance of species–environment relation 59.9 73.8 81.4 87.4

Two strata vertical component (n=426)

Eigenvalues 0.29 (0.005) 0.072 0.033 0.025 3.274

Cumulative percentage variance of species–environment relation 58.7 73.2 80 85.1

Collapsed data-full water column (n=302)

Eigenvalues 0.268 (0.005) 0.075 0.046 0.038 2.645

Cumulative percentage variance of species–environment relation 49.8 63.6 72.1 79.1
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(therefore were further from shore at ~1 m depth).
‘‘Fry’’ and bluntnose minnows, Pimephales nota-
tus, were most strongly associated with the vertical
gradient. Wood was not correlated with the vertical
component, but the amount of wood increased in

deeper sites, even though the variation in depth
among sites was relatively limited. The environ-
mental variables most strongly associated with
community structure were shore distance, date,
vegetation, water temperature, and vertical stratum.
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Figure 3. Canonical correspondence analysis axis one and two, showing the association of fish species and habitat characteristics based

on presence–absence and environmental data defined by (a) 25 cm vertical stratification, Axis I and II summarized 8.1 and 1.9%,

respectively, of the variation in the species data, (b) 50 cm vertical stratification, Axis I and II summarized 9.3 and 2.3%, respectively,
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The ordination diagram for the data defined
more coarsely at two 50 cm, vertical strata
(Figure 3b) illustrated similar patterns of com-
munity structure as those found at the finer reso-
lution. A seasonal gradient was observed along the
first axis, and a vertical gradient was observed
along the second axis. The following differences in
environmental associations were observed: wood
and depth were more strongly (positively) corre-
lated with each other and negatively correlated
with water temperature and date; however, water
temperature showed a weaker association with
date than at the finer resolution. Temperature
range and rock cover were more closely correlated,
but both had shorter vectors relative to the vectors
of the other environmental variables, suggesting
they were not strongly associated with the com-
munity structure extracted from the data included
in this study. Vegetation and shore distance were
more strongly positively correlated, as were stra-
tum and substrate.

Species associations were very similar as those
observed at the finer resolution with the exceptions
that brook trout, Salvelinus fontinalis, and creek
chub, Semotilus atromaculatus, were more closely
associated with each other and with yellow perch,
Perca flavescens; all three species were associated
with deeper, woodier sites, although the yellow
perch were most closely aligned with the depth
vector. The shiner group showed a weaker corre-
lation with the depth vector than at the finer ver-
tical resolution. Fathead minnows, Pimephales
promelas, showed stronger association with the
shore distance and vegetation vectors in this
analysis, but were closer to the origin than either
the shiner group or dace-shiner group; therefore,
the fathead minnow association with non-vege-
tated sites close to shore was weaker than that
observed for the two groups. Both the shiner and
dace-shiner groups, as well as the fathead min-
nows, showed a stronger association with the
vertical gradient in this analysis than in the pre-
vious, finer vertical resolution analysis. The dace-
shiner group exhibited a correlation with the upper
strata, whereas the shiner group and fathead
minnows showed an association with strata lower
in the water column.

The CCA results of community relationships at
the full water column data set depicted different
patterns than those detected when data were

defined by finer vertical components (Figure 3c).
The primary difference when the fish data from
different strata were combined was the increased
influence of woody cover on community structure.
Shore distance, date, and woody structure ap-
peared to have the strongest association with the
community structure when the data included the
habitat structural components measured at each
section of the water column.

The seasonal characteristics were again corre-
lated: water temperature and date were positively
related to each other, but negatively with depth. A
complexity gradient was observed in the grouping
of most of the remaining environmental variables,
although the gradient did not align with either
axis. Shore distance was positively correlated with
vegetation in the first stratum; the first stratum
vegetation vector (vS1) was the longest of all
vegetation vectors, which suggested that vegeta-
tion closest to the substrate had the most influence
on the community structure of the four vertical
vegetation components observed.

The species most strongly associated with the
vertical woody structure were the larger bodied
species, including common shiners, Luxilus cornu-
tus, and golden shiners, Notemigonus crysoleucas,
brook trout and yellow perch. The smaller-bodied
blacknose dace, Rhinichthys atratulus, was also
associated with the vertical woody structure. Wood
and depth were more weakly associated at this
coarsest vertical resolution; this weaker association
illustrated the yellow perch’s correlation to wood
and the creek chub’s correlation to depth. These
correlations were not discerned at the finer vertical
resolutions. Northern redbelly dace, Phoxinus eos,
did not exhibit as strong a response to shore dis-
tance or vegetation at this resolution but were still
weakly associated with the vertical gradient.

When fish data were organized by the single
vertical component of the full water column, both
the rock and wood vectors showed different trends
than when the vertical component was defined on
a finer scale. At the coarsest vertical resolution,
rocky structure was positively correlated with
coarseness of substrate and negatively correlated
with temperature range; previously, it was asso-
ciated with finer substrate and increased temper-
ature range. The length of the rock vector,
however, indicates that rocky cover did not have a
strong association with the community structure
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extracted in this analysis, whereas woody structure
did. Woody structure was strongly positively re-
lated to increased rock cover and coarse substrate,
but was negatively related to shore distance and
vegetation. When data were defined by finer ver-
tical components in the previous two analyses,
woody structure was only very weakly related to
either rock or vegetation cover.

Discussion

This study illustrated that quantifying the vertical
component of habitat structure and habitat use by
fish as multiple, discrete units yielded a compre-
hensive picture of fish community structure and
outlined differences in fish distribution and their
relationship to habitat differences. Recording the
fish and habitat structural data by discrete vertical
units is a new visual census approach for quanti-
fying habitat characteristics and fish associations
with habitat. The importance of vertical habitat
complexity on species diversity and habitat use has
been established in several terrestrial systems, as
well as in marine and stream systems. When data
were recorded using multiple, discrete vertical
units in our study, the second strongest influence
on the fish community structure was a vertical
complexity gradient, following the more influential
seasonal gradient. Our study confirms that vertical
habitat structure and habitat use by fish could be
quantified in lake littoral zones and that vertical
habitat structure plays an important role in regu-
lating the fish community.

The organization of environmental and species
data at three resolutions illustrated multiple ways
of considering the role of the habitat’s vertical
component. At the two finest resolutions, the data
were defined by multiple vertical components, and
a separate environmental variable represented the
vertical stratification. This direct approach al-
lowed the overall role of vertical habitat, in terms
of structure and fish use, to be evaluated. There
was very little difference in the community struc-
ture when data were defined by either the finest
resolution of 25 cm strata, or by the coarser res-
olution of 50 cm strata. Therefore, either ap-
proach could be taken when sampling a littoral
zone; the appropriateness of the technique used
would likely be a result of the type of question

being asked and the system in which it was being
studied. In a typical littoral zone, visual census of
the habitat and fish community would be simpler
using the coarser resolution of 50 cm strata. This
reduces the number of boundaries between sam-
pling units, likely reducing the inaccuracy associ-
ated with habitat and fish sampled close to those
boundaries. However, in highly vertically complex
habitats, the finer resolution may be required to
distinguish niches of associated fish species.

When habitat was sampled in the field, three
structural habitat components (woody debris,
rock, and vegetation) were recorded in each stra-
tum. By defining the fish data vertically, the
influence of these habitat components at each
section of the water column was not directly
illustrated. However, when defining the data by
the single vertical unit of the full water column, the
structural components of wood, rock, and vege-
tation can be included as individual variables,
allowing direct interpretation of their role
throughout various parts of the water column. The
influence of habitat heterogeneity on fish com-
munities has been a focus within aquatic ecology.
Several studies have evaluated habitat heteroge-
neity or complexity primarily through vegetation
density or diversity and substrate type; however,
there has been a lack of attention on other ele-
ments of the habitat that enhance heterogeneity.
When considering the integrated vertical patterns,
we were able to address the lack of focus on other
habitat structural elements in the water column
and the lack of multivariate analysis of fish asso-
ciations with both environmental variables and
vertical habitat components. Defining the fish data
by the full water column allowed the evaluation of
the individual influence of woody structure, rock,
and vegetation on fish distribution in each of the
four strata of the water column.

Analysis of fish–habitat interactions at the
coarsest vertical resolution revealed that woody
structure both on the substrate and throughout the
water column, was strongly associated with several
species specifically, as well as the overall commu-
nity structure. This result confirmed that woody
debris is a vital component of littoral-zone habitat
structure. No major piscivorous predators exist
in Poorhouse Lake, but woody structure may
have been used by fishes to escape predation
from brook trout, large creek chub, common
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mergansers, Mergus merganser, loons, Gavia im-
mer, or belted kingfishers, Ceryle alcyon, in the
littoral zone. While we show the importance of
woody habitat, its importance is likely to be much
greater in systems containing piscivorous fishes
(MacRae & Jackson 2001).

In all three vertical resolutions of data, ‘‘fry’’
was found to be the only species category associ-
ated with the heavily vegetated sites in Poorhouse
Lake. Conversely, the majority of adult species
categories were either associated with sites that
lacked vegetation or were not influenced by the
presence or absence of macrophytes. This separa-
tion of fry and adult individuals may reflect the
recognized behaviour of age 0 fish using sub-
merged vegetation for shelter from predation
(Werner et al. 1983). Patchy vegetation may offer
the best habitat for age 0 fish to gain protection
from predation, but it also gives them more
immediate access to the open spaces that harbour
zooplankton, one of their preferred food resources
(Weaver et al. 1997).

The new vertical visual census method described
in this study allows data to be evaluated and
interpreted at three different vertical resolutions
(i.e. 25 and 50 cm strata, and the full water col-
umn); assessing the data in this matter allowed a
more detailed evaluation of the role of vertical
habitat structure in fish communities. The results
of this study suggest that no one treatment of the
data explains substantially more variation than
another. While the choice of which vertical reso-
lution of data to use may depend upon the ques-
tion being asked, this type of post-collection data
flexibility is a strong advantage of the vertical vi-
sual sampling technique.

Our study demonstrated that fish are closely
associated with habitat structure in the littoral
zone even in the absence of major piscivorous
predators. As has been established in several ter-
restrial systems, this study confirmed the integral
role of vertical habitat complexity in structuring
community interactions. This is the first known
study to quantify multiple vertical habitat struc-
tures and habitat use by fish in the water column
of a freshwater lake. The lack of focus on the
three-dimensional environment of lake littoral
zones in aquatic community ecology has left a gap
of knowledge concerning freshwater fish–habitat
interactions. Based on the results of this study, it

can be concluded that the new vertical visual
census technique presented here can be employed
to successfully address that gap. Both researchers
and managers can benefit through application of
this technique in additional systems, including
those containing major piscivorous predators.
Researchers can use this method to enhance their
understanding of fish–habitat spatial relationships.
Managers can gain a more accurate awareness of
the implications that development and subsequent
habitat structural changes can have on the fish
community. In terms of both academia and
application, this vertical visual census method of
quantifying habitat structure and fish associations
provides a valuable tool that can improve our
current state of knowledge concerning fish–habitat
interactions.
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Esther Kronenberg
Hello, 
I write as a member of the Clean Black Lake Alliance in Olympia WA. Our organization's mission
is to advance lake management strategies that do not rely on herbicides and other toxic materials to
control lake vegetation. Instead we advocate the use of mechanical harvesting, installation of
effluent interceptor projects such as constructed marshes and wetlands, stormwater nutrient capture
using biochar, upstream filtration and fertilizer runoff reduction to control algae and excess lake
vegetation. 

I am attaching a technical memo by Thurston County's hydrogeologist who studied 58 water wells
around the Tri-Lakes area which is dominated by Type I CARAs and overlaps part of the area
protecting Olympia's McAllister Wellfield, its primary drinking water source. The area is ringed
with many on-site septic systems. 

The study found that "significant groundwater contamination does exist, and is likely related to
OSS, but that other sources probably contribute to nitrate loadings." (Page 1) It also found
Chemicals of Emerging Concern (CECs), including pesticides and herbicides in an initial screening.
(Page 10) There are hundreds, if not thousands, more of these CECs, all of which threaten to
contaminate our drinking water. (See Figure 12, Page 11) 

The study also found that the downward pull of hydraulic gradients, increased in part by heavy
deeper groundwater pumping, is causing vertical movement of contaminants to deep aquifers below
confining layers. (Page 14) 

This should be deeply concerning to Ecology as it permits the use of herbicides in lakes. Ecology
must assume that these herbicides, and other CECs will end up in our deepwater aquifers in areas
that are populated, due to the presence of deep water wells causing a downward hydraulic gradient,
and OSSs. 

I urge Ecology to only permit the use of these dangerous chemicals to situations where the public
health is threatened. Their use DOES result in the contamination of our drinking water aquifers in
certain areas, like Thurston County. It is more important to protect our drinking water than to rid a
lake of nuisance weeds. 

Some other points - I am happy to see Ecology describing how much algae is beneficial, and though
a nuisance, is not a public health threat. 
I would urge Ecology to cite research as to whether the percentage of the littoral zone where
herbicides may be applied will not increase predation risk and lower dissolved oxygen. Ecology
should include text that herbicides may increase dissolved oxygen causing release of phosphorus
from sediments, thereby exacerbating harmful algae blooms. Does Ecology know how many plants
can be killed before dissolved oxygen levels rise? 

I was concerned to read that Tier 2 analyses are not done for lakes with high water quality. How is
it in the public interest to degrade high quality water? Does Ecology require that listed species be
identified in these high quality lakes, and the effect of degrading the water quality would have on



these listed species? 

For example, the Olympic mudminnow requires dense vegetation to secure its eggs. Can Ecology
ensure this threatened species' survival by adding language to protect the dense vegetation
conditions needed by the Olympic mudminnow? 

Thank you for this opportunity to comment and for your diligence in protecting the water resources
of our State. 

Uploaded Tech Memo 77 - Tri-lakes area
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Summary and Purpose 
 
Between March and October 2022, fifty-eight water wells were sampled in the Tri-Lakes area for total coliform, 
E. coli bacteria, and nitrate-nitrogen. Ten samples were also analyzed for Chemical of Emerging Concern 
(CECs). Groundwater flow and transport modeling was used to assist in the selection of sampling locations. This 
sampling was completed with funding from the Washington State Department of Health (WSDOH) in 
compliance with a quality assurance project plan approved by WSDOH.   
 
The Tri Lakes area of Thurston County includes Hicks, Pattison, and Long Lakes (see Figure 1). These lakes are 
interconnected and ultimately flow into Woodland Creek which discharges to Henderson Inlet. The lakes are 
surrounded by densely clustered onsite sewage systems (OSS) (see Figure 2). Figure 2 also depicts the locations 
sampled for the project. This area is dominated by Type I Critical Aquifer Recharge Areas (CARAs). The study 
area also overlaps the western part of the McAllister Geologically Sensitive Area (MGSA) protecting 
Medicine/McAllister Springs and the critically important McAllister Wellfield serving the City of Olympia. 
Groundwater and surface water protection in the Tri Lakes area have been a concern to residents and policy 
makers for decades.  
 
Despite these sensitivities, historically Thurston County has not had sufficient data to change OSS policy 
when cost and implementation obstacles are high. For example, questions remain regarding the extent to 
which drinking water and surface water may be adversely impacted by OSS sources. Since the late 1970s, 
programs have been developed to reduce the discharge of nutrients from OSS, and to identify areas where 
OSS should be considered for conversion to public sewer to protect water resources and public health.  
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This study is intended for consideration by County management, external entities and elected officials in 
the process of considering their policies. However, the report is advisory only; policy changes may 
depend on numerous other factors. 
 
Over the past 20 years, significant improvements in knowledge have made available new resources to 
evaluate OSS options – and to distinguish OSS from other potential contaminant sources. Prior to this 
study, Thurston County Water Resources program built a MODFLOW-NWT groundwater flow model 
(now at versions v198 [steady-state flow] and v253 [transient flow]) and the MT3D-USGS solute 
transport model (v23) for the Tri Lakes area of Thurston County (Bedekar et al, 2016; Niswonger et al, 
2011). Initial model results suggested that the known small domestic and small community water supply 
systems (Group B) might be impacted by contamination from OSS – but are infrequently sampled in 
some cases. Larger and deeper wells that are part of larger community water supply systems are 
frequently sampled and were considered somewhat less likely to be contaminated by OSSs.  
 
However, field validation of the model-based extent and concentrations of contamination from OSS 
systems had not previously been conducted. An important purpose of this project was to collect new data 
that could be used to evaluate the current groundwater quality while calibrating the groundwater modeling 
so that a first assessment of the location and severity of potential groundwater contaminant impacts could 
be made. Also, validating the effectiveness of modeling could allow it to be used more widely in Thurston 
County for forecasting future contaminant movement, and to provide an early warning system for public 
drinking water systems. 
 
The results of this project indicate the initial source delineations and modeling were largely correct: 
significant groundwater contamination does exist, and is likely related to OSS, but that other sources 
probably contribute to nitrate loadings. Modeling using best-available assumptions was found to 
underestimate actual nitrate concentrations. 
 
Prior Work 
 
Septic systems are the primary method for wastewater disposal in rural Thurston County. Thurston 
County has undertaken several major studies of the impacts of OSS on groundwater including in the 
important Tri Lakes area, where ‘legacy’ OSS were installed. In this study, “Legacy” OSS were installed 
at spatial densities above those permitted by modern design standards.  
 
 
In Thurston County, few major nitrate source types are as widespread as wastewater from OSS. In most 
cases, direct correlation between a particular potential nitrate source and a groundwater sample containing 
nitrate is not possible. Therefore, in practice, it is difficult to distinguish nitrate source types without 
extensive groundwater sample analysis (Seiler, 1999; Seiler et al 1999; Seiler, 2005). Better assessment of 
these questions was part of the genesis of this study. In addition, OSS are not designed to reduce 
concentrations of nitrate, nor are they designed to reduce concentrations of the many substances in 
wastewater used for consumer, pharmaceutical, pesticide/herbicide or industrial purposes. 

http://www.co.thurston.wa.us/
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Some of the work to improve water quality prior to this study comes from the progressive steps already 
undertaken with respect to wastewater: 
 

• Formation of LOTT Clean Water, the wastewater utility serving the cities of Lacey, Olympia, 
Tumwater, and Thurston County, largely through sewered infrastructure.  

• Sewerage General Plan (1990) requirements to re-evaluate appropriate OSS densities as data 
become available. 

• Thurston County Sanitary Code updates to reduce allowable OSS/septic system densities (1990s) 
• Thurston County Sanitary Code updates to add a Nitrate Assimilative Capacity test requirement 

before approving some new OSS (mid-2000s) 
• Summit for Elected Officials: Water Quality and OSS (2011) 
• Septic loading risk analysis (2013) 
• Groundwater contaminant (nitrate) transport modeling in the Scatter Creek aquifer demonstrated 

significant issues with OSS loadings to groundwater, probably exacerbated by lawn fertilizers and 
small agriculture or point-loadings from permitted facilities. These results suggested that other 
parts of Thurston County would benefit from predictive modeling (2012-2014) 

• Septic-to-Sewer project (2015) 
• Compilation of OSS locations and estimated wastewater loadings (2014-2016) 
• Calculation of updated wastewater loadings from OSS using residency/occupancy data (2016-

present) 
• LOTT reassessments of sewerage needs (ongoing) 
• Groundwater flow modeling using MODFLOW-NWT (steady-state version v198; 2020) 
• Groundwater transport modeling using MT3D-USGS (version v23 using the steady-state 

MODFLOW-NWT flow model v253 [as of late 2022]). 
 
The Septic-to-Sewer project conducted from approximately 2012 through 2014 (with updates to the 
present), produced an inventory of known OSS in city limits or urban growth areas in conjunction with a 
focused effort to identify areas of persistent groundwater contamination (see Thurston County, 2015; 
Morgan, 2016). The high-spatial-density ‘legacy’ OSS systems (generally installed before current 
regulations) in the Tri Lakes area emerged as a potential threat to water quality. Updating of the septic 
location inventory (2016-present) using residency/occupancy data, among other data sources, further 
increased the calculated septic densities for the Tri Lakes area. 
 
These findings confirmed prior work in the Tri Lakes area focused on disconnecting or abandoning 
shallow private wells in favor of public water service, as well as updating the OSS inventory. 
 
Figure 2 depicts the loading to groundwater from OSS calculated for the Tri Lakes area based on the best-
available OSS loading data (see Appendix D). Colors are coded according to Thurston County Board of 
Health Resolution H-2-1996 (Thurston County Board of Health, 1996) defining nitrate concentrations: 

http://www.co.thurston.wa.us/
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• Blank – groundwater recharge is below the Early Warning Level (EWL) of 2.0 mg/L  
• Yellow – groundwater recharge is equal to or above the Early Warning Level (EWL) of 2.0 mg/L, 

but below 4.0 mg/L 
• Orange – groundwater recharge is equal to or above the Contaminant Action Level (CAL) of 4.0 

mg/L, but below 10 mg/L 
• Red – groundwater recharge is equal to or above the Federal Safe Drinking Water Act (SDWA) 

Maximum Contaminant Level (MCL) of 10.0 mg/L 
 
The calculation of nitrate loading requires two values: wastewater flowrate and nitrate concentration: 
 

• [Loading (mg/day)] = [Nitrate Concentration (mg/L)] * [Wastewater Flowrate (L/day)] 
 
Initial (source) concentrations of nitrate were calculated for each model cell (see Thurston County, 2022, 
for the methodologies used). These were input to the MT3D solute transport model as ‘source’ 
concentrations, as described below.  
 
Both the wastewater flowrate and nitrate concentration can be calculated using reasonable assumptions 
for wastewater from OSS. The usefulness of the calculated loading depends upon using a regularized unit 
of land area across which the different values for nitrate loading can be normalized. Land parcels with 
variable sizes do not meet this need. Instead, a regularized (square) grid was used – the same square grid 
used for both the groundwater flow and transport models, with an equal-cell-size of 200x200 feet (40,000 
square feet, or slightly less than one acre).  
 
The geospatial output was a point shapefile, with point attribute values for the centroid of each model 
cell. Each point contains metadata with the initial nitrate concentration at each cell in milligrams per liter 
(mg/L). Each point was further indexed with the MODFLOW model cell indices [I,J,K] used to assign 
MODFLOW recharge (steady state), and to allow importation into the MT3D solute transport model (v23 
- constant source concentration) for further analysis. 
 
Note that nitrate loading data represent the shallowest probable nitrate concentration due to OSS impact. 
However, in practice – and in part because of shallow nitrate/bacteria contamination - most wells are 
intentionally installed with open intervals significantly below the zone impacted by OSS. Unfortunately, 
this creates a statistical bias in groundwater samples that there is no shallower contamination; this effect 
often leads to the erroneous conclusion that shallow groundwater is uncontaminated. To correct this bias, 
shallow monitoring wells were also sampled to represent shallowest groundwater nitrate. 
 
In the northern part of Thurston County, deeper wells are installed to avoid shallow OSS contamination (a 
practice well-known to drillers). Because these wells are often protected by overlying confining layers, 
nitrate sample results are typically close to background concentrations. This positive outcome incentivizes 
drilling deeper – but masks the presence of potentially-contaminated shallow groundwater.  
 

http://www.co.thurston.wa.us/
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Nitrate mass loading assists the evaluations of the total mass of nitrate reaching groundwater – and then 
surface water (this migration is calculated primarily using the groundwater transport model MT3D). 
These can better assess the proportions of nitrate derived from OSS reaching groundwater, streams, and 
lakes.  
 
Using the updated OSS inventory for the Tri Lakes area, county-wide nitrate loading described in 
Appendix D was applied across the study area and used as the input to the SSM Module (Source-Sink 
Mixing) of the groundwater transport model MT3D-USGS based on the MODFLOW-NWT ground-
surface water flow model running county-wide.   
 
Numerous hotspots that were identified in the Tri Lakes area indicate that OSS are likely to cause 
exceedances of the Federal Safe Drinking Water Act Maximum Contaminant Level (MCL) of 10 mg/L in 
some areas (see red-shaded cells in Figure 2; model results in Figure 3 and 4). Many of these clusters of 
wastewater loading points were installed before an OSS regulatory structure existed, or under regulations 
that have since been superseded.  
 
Modeling done for this study is one of the tools that can now be used more often to assess risks and focus 
water quality efforts. Modeling the water quality impacts from OSS and possibly other urban/suburban 
sources could help assess where sewers would be of greatest benefit. This project is a logical follow up to 
the septic-to-sewer project and there are a good number of public drinking water sources in the area, so it 
is logical that both WSDOH and the Thurston County Health Department should be involved. By using 
modeling to prioritize the best locations for confirmatory sampling, such a project could help with 
questions about whether to extend sewer. Updating of the Sewerage General Plan (now nearly 30 years 
old) might also be one outcome. This information can also help policy makers and staff evaluate the 
impacts of new development proposals. The information can also be used by WSDOH to evaluate the 
susceptibility rating of public drinking water sources in the area.  
 
Sewer system expansion is, however, a much more extensive process involving treatment system 
capacity, engineering feasibility and numerous financial considerations far beyond the scope of this study. 
However, this study can help inform where such further investigations might best support water quality 
improvements.  
 
Hydrogeology, MT3D Transport Modeling and the Selection of Candidate Wells 
 
The MODFLOW-NWT and MT3D simulations quantitatively evaluated groundwater flow and solute 
transport for a conservative, non-reactive modeled solute that can be considered similar to the actual 
physical transport properties of nitrate. The six-layer flow and transport models included the important 
aquifers and confining layers in the study area. Table 1 includes the estimated well depths where known, 
the model layer from which pumping is presumed to have occurred, and the probable aquifer pumped. 
Using the historical USGS nomenclature for the study area (Drost et al, 1999), the major aquifers 
simulated in the MODFLOW and MT3D models were: 

http://www.co.thurston.wa.us/
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• Layer 1: The ‘Vashon Recession’ (Qvr) aquifer is present through most of the study area. Known 

contamination and recent modeling suggest that OSS may impact this aquifer in significant 
concentrations (above MCL of 10mg/L). Significant discharge from this aquifer feeds the three 
lakes and Woodland Creek as baseflow, exposing them to additional contamination.  

 
• Layer 2: The ‘Vashon Till’ (Qvt) is generally a confining layer present through most of the study 

area. Known contamination and recent modeling suggest that OSS may have penetrated this layer 
significant concentrations (above the MCL of 10mg/L).  

 
• Layer 3: The ‘Vashon Advance’ (Qva) aquifer is present throughout the area. Known 

contamination and recent modeling suggest that contamination passes through overlying Vashon 
till confining layer and impacts this aquifer. Some discharge from this aquifer feeds the three 
lakes and Woodland Creek as baseflow, probably also exposing them to contamination.  
 

• Layer 4: The Kitsap Formation (Qf) is not generally known as an important aquifer in the study 
area, yet some wells appear to be completed in this formation.  

 
• Layer 5: The ‘Sea Level’ (Qc) aquifer is a major drinking water supply aquifer for northern 

Thurston County. Known contamination and recent modeling suggest that contamination may 
pass through overlying confining layers to impact this aquifer. 

 
• Layer 6: Deeper aquifers (TQu – Tertiary-Quaternary aquifers, undifferentiated) were modeled 

and may receive contaminants. There is some known deeper contamination, for which the source 
is unknown; modeling suggest OSS may contribute contamination to the sands that make up this 
deeper aquifer – contamination that has previously been difficult to trace.  
 

Note: 

In some cases sampled wells’ depths are not known. Logs may not be available, and the exact formation from which water is pumped 
remains unclear. Table 1 provides the estimated model layer and named aquifer, if known, for sampled wells only. 

Figure 12 presents these model layers as defined in the groudwater flow (MODFLOW_NWT v253) and 
solute transport (MT3D-USGS v23) models used in this project. 

For simplicity in this report, Figure 3 depicts the extent of solute transport (qualitatively similar to nitrate) 
determined by MT3D-USGS modeling of Layer 3 at a simulated duration of 14,600 days (MODFLOW-
NWT v253, MT3D-USGS v23), while Figure 4 depicts Layer 5 from the same simulation pair. Figure 12 
depicts the extent of contamination vertically in cross-section B-B’, from south to north across the study 
area.  

http://www.co.thurston.wa.us/
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This simulation utilized a total of 11,577 ‘wastewater generation points’ (each point is equivalent to the 
wastewater generated by one household’s OSS. The loading from these was aggregated into 4,490 model 
“source” cells at the resolution of 200x200 foot model grid cells. Nitrate loadings for these grid cells were 
input to the SSM Module (Source Sink Mixing) of the MT3D transport model of Thurston County. 

Transport modeling produces a full 3D solute transport field over time that can be animated. Several 
animations were made of solute migration simulating nitrate movement. 

 
Selection and Sampling of Wells 
 
Prior to this project, several hundred wells were believed to exist in the study area. Many of these wells 
were mapped or sampled as part of prior investigations from the 1980s through the 2000s. Concerns about 
water quality resulted in many of these wells being disconnected or abandoned as homes were connected 
to public water supply systems. This was a successful public health approach – but the number of 
domestic wells remaining in the Tri Lakes area remained uncertain. 
 
Candidate wells for field sampling were seleted by comparing expected pumping wells’ intake zones with 
the corresponding MT3D model-calculated solute concentrations at a model time of 14,600 days 
(approximately 40 years’ model duration). This time duration was chosen from the estimated builduout 
date for the majority of OSS in the Tri Lakes area to the present with a modal distribution year of about 
1980 (see Figure 10).  
 
Prioritization of the approximately 100 most-likely-contaminated wells using this process was augmented 
with other criteria such as: 
 

• Known prior groundwater quality problems at wells already in Thurston County water quality 
database 

• The well is known or very likely to be shallow 
• Larger served population for community water supply systems, prioritizing Group B small 

community system wells. 

Based on the prioritized wells, residents were first sent letters and then postcard mailings to determine if 
the owner was receptive to sampling. Numerous wells from this process were found to be unavailable for 
sampling as many wells reportedly either no longer existed, or owners refused/ignored the sampling 
request. To locate additional wells, Health Department staff went door-to-door in the project areas and 
were able to secure additional wells for sampling.  Additionally, both the Thurston County Public Utility 
District #1 and the City of Lacey granted access to multiple wells. Eight county-owned monitoring wells 
were also sampled in areas with densely clustered OSS, to evaluate a potential ‘worst-case’ scenario. The 
locations of final sampled wells are shown on Figures 2, 3 and 4. Table 1 (appended) provides the field 
data, well depth if known and the probable aquifer pumped, while Table 2 below provides a summary of 
the numbers of wells initially expected in the study area, by class of well.  
 

http://www.co.thurston.wa.us/
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Table 2 - Well Types Sampled for the Project 
 

Class of Well 
Count of Pumping 

Wells in Study Area by 
Well Class 

Wells Sampled 
for this Project 

Typical Aquifer 
(see Table 1 for 

details) 
Public Supply Group A Systems 57 12 TQu, Qc 
Public Supply Group B Systems 39 18 Qc, TQu 
Domestic 421 20 Qvr, Qva, Qc 
Monitoring - 8 Qvr 

Totals 554 58  
 
Sample Analysis Results 
 
The collected data are fairly representative of public, private, and monitoring wells in the project area. Brief 
summaries are as follows: 
 
Results of Bacteriological Sample Analyses 
 
Only 4 of 58 (7%) of wells sampled had detections of total coliform bacteria and the range of detection was 2 – 
17 MPN/100ml. MPN refers to the Most Probable Number [MPN] of total coliform bacteria colonies per 100 
milliliters of sampled water.  Three of the four wells with total coliform detections were monitoring wells, and 
one was a domestic well. The owner of the domestic well was notified of this result. Additionally, no wells had 
detection of E. coli bacteria (typically associated with human wastewater).   
 
 
Results for Nitrate 
 
Table 3 below compares the nitrate (as N) sample data with the USEPA maximum contaminant level (MCL), 
and action levels established by Thurston County policy and the type of well sampled.  It is important to note that 
human health effects from nitrate are not known to occur at nitrate-nitrogen levels below the MCL; however, 
note below that other substances present in groundwater samples may have different toxicity profiles (see the 
CEC data presented later).  
 
Table 3 - Comparison of nitrate (as N) with regulatory criteria 
 
 Group A Group B Domestic Monitoring Total 
Exceeds MCL    1 1 
Exceeds TRIGGER  1 4 4 9 
Exceeds CAL  1 1 1 3 
Exceeds EWL 6 3 6  15 
Below BACKG 6 13 10 2 31 

http://www.co.thurston.wa.us/
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MCL:   10 mg/L 
TRIGGER:  Federal and State trigger level for increased monitoring: 5 mg/L 
CAL:   County Critical Action Level: 4 – 9.9 mg/L (only results 4 - <5 mg/L counted for this report) 
EWL:  County Early Warning Level: 2 – 3.9 mg/L 
BACKG:  County Background: < 2.0 mg/L 
 
See Table 1 for the depths if known, and probable aquifer pumped. Early Warning and Contaminant Action 
Levels were established in 1996 for all of Thurston County by Thurston County Board of Health Resolution H-2-
96. That same resolution: 
 

• Establishes nitrate as the indicator of contamination of ground water due to human activities. 
• Indicates that nitrate concentration levels below 2.0 mg/l are to be considered “background”  
• Creates an Early Warning Level (EWL) when nitrate concentrations are between 2.0 and 3.9 mg/l. 
• Establishes a Critical Action Level (CAL) for nitrate concentrations between 4.0 and 9.9 mg/l. 
• Recognizes that 10.0 mg/l is the federal and state maximum contaminant level for nitrate.  

 
Additionally, WAC 246-290-320 (3)(b) requires increased monitoring when testing shows water supplies exceed 
50% of the maximum contaminant level (MCL), and references 40 C.F.R. 141.23(d)(2) which states that water 
systems must increase sampling frequency when they exceed the trigger level (5.0 mg/l for nitrate). 
 
Results for Chemicals of Emerging Concern (CEC) 
 

Groundwater samples from ten selected Tri Lakes area wells were analyzed for CECs (Chemicals of 
Emerging Concern) by the University of Washington (UW) Tacoma Center for Urban Waters. Chemicals 
of Emerging Concern are related to consumer usage; these are distinct from ‘Residual Chemicals’ 
described as present in post-treatment Reclaimed Water in studies conducted by LOTT Clean Water north 
of the Tri Lakes project area, for example (see Intertox [2022]).  

Table 4 presents the distribution of the types of wells that were sampled: 
 
Table 4 – Distribution of Wells Sampled for CEC Analyses 

 
Group A Group B Domestic Monitoring 
2 2 5 1 

 
Figures 5, 6, 7, 8, and 9 provide graphical presentations of instrument responses for substances tentatively identified 
using the UW Tacoma Center for Urban Waters methodology for CECs (James and Wark, 2023). Note that these are 
NOT groundwater concentrations, per se, but rather relative instrument responses. The analytical process used by the 
Center for Urban Waters (UW Tacoma) essentially first produces a “screening level” evaluation of chemicals that are 
present in a sample which can be compared with over 1000 chemical “standards” in a chemical signature “library” 

http://www.co.thurston.wa.us/
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developed for the analytical process (Appendix C provides a summary review of this procedure). This results in a 
tentative substance identification that compares mass and retention time for the detected molecules to the known 
standards in the library. Phase I tentatively identified substances generally correlated with five chemical classes: 
 

• Food additives: Six (6) substances  
• Commercial chemicals: Twelve (12) substances  
• Industrial chemicals: twenty-five (25) substances  
• Pesticides and Herbicides: nine (9) substances  
• Pharmaceuticals: Twelve (12) substances  

 
Appendix B provides a screening list of tentatively identified compounds, while Figures 5 through 9 present a visual 
comparison of abundance for the same substances.  
 
Figure 12 provides an overview of CEC detected in Puget/Salish waters, highlighting the ubiquity of these substances 
(Tian, et al, 2019). 
 
Based on the Phase I findings, Phase II analysis was performed on ten selected groundwater samples using repeated 
quantification of replicates by Mass Spectrometry (MS/MS). See Appendix C for an overview of analysis procedures. 
The Phase II analysis process produced semi-quantitative concentrations for: 
 

• Caffeine (a food additive) 
• 2,6-Dichlorbenzamide (BAM) (a breakdown product of the herbicide DCBN or dichlobenil – one trade name 

is “Casoron”) 
• Sucralose (a food additive) 
• Sulfamethoxazole (an oral sulfonamide antibiotic) 

 
Table 5 presents the approximate concentrations for these specific substances, and the substances themselves are 
tentatively identified.  
 
Three other substances/classes were analyzed-for but were not detected: OPEO and NPEO (groups of chemicals widely 
used as surfactants or emulsifiers in detergents) and Methylprednisolone (a corticosteroid hormone pharmaceutical used 
to treat arthritis, blood disorders, severe allergies, etc.) 
 
Note that the concentrations presented in Table 5 are semi-quantitative estimates, given in nanograms per liter of 
groundwater (ng/L) with a potential +/-50% variance. Estimated concentrations above 500 ng/L are above the upper 
limit of the original instrument calibration curve and can be treated as >500 ng/L; they are included for comparative 
purposes between sampling sites. Substances detected below the quantification limit are depicted with a less than (<) 
symbol. To protect owner/resident anonymity, well location alias names are used; other sensitive location information 
is excluded from Table 5. Please contact the Thurston County Health Department to request additional information.  
 
The Center for Urban Waters analysis process tentatively identifies hundreds - or thousands - of substances and their 
concentrations using a large and powerful library of chemical properties. By providing tentative substance 
identifications and approximate concentrations, this ‘screening’ approach is very valuable for this first-of-its-kind 
assessment of groundwater in the Tri Lakes project area. However, this method alone cannot provide all the data 
needed for full substance confirmation and quantification. Additional sampling and analysis using agency-approved 
standard methods would be needed for assessments of human health risk.    
 

https://urldefense.com/v3/__https:/www.webmd.com/women/features/escape-hormone-horrors-what-you-can-do__;!!K-Hz7m0Vt54!k9OF7DzQY-HqPccnlDZUo-mtljM5Jq42bv2qCuyiiJ-pdTXffF2M2Xd2JHeq5ogr92P73N1OIj89Q2DwYkfpzUFdmuYVkIaNUiQ$
https://urldefense.com/v3/__https:/www.webmd.com/arthritis/video/rippe-arthritis-any-age__;!!K-Hz7m0Vt54!k9OF7DzQY-HqPccnlDZUo-mtljM5Jq42bv2qCuyiiJ-pdTXffF2M2Xd2JHeq5ogr92P73N1OIj89Q2DwYkfpzUFdmuYVL75PPgQ$
https://urldefense.com/v3/__https:/www.webmd.com/cancer/lymphoma/blood-disorder-types-and-treatment__;!!K-Hz7m0Vt54!k9OF7DzQY-HqPccnlDZUo-mtljM5Jq42bv2qCuyiiJ-pdTXffF2M2Xd2JHeq5ogr92P73N1OIj89Q2DwYkfpzUFdmuYVW-34_fk$
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Figure 12. Detection frequency for Contaminants of Emergimg Concern (CECs) in Puget/Salish Sea waters (adapted from Tian, et al, 
2019).  
 
Results from Analysis of Surface Water Samples 
 
Six surface water sites were sampled because preliminary observations and research suggested that they were each 
likely fed by groundwater. Provisionally, the surface water samples can be physically associated with groundwater 
sample analyses and modeling results (see Table 1). Total Coliform was elevated in all the surface water samples, while 
E. coli and Nitrate were present at relatively low concentrations. The significant differences between these six surface 
water samples and groundwater samples suggests different sources feeding these six surface waters. Although 
groundwater may contribute seepage to these water bodies, the contaminant profiles are dissimilar, suggesting a 
different conceptual model that cannot easily correlate with findings from the MODFLOW-NWT and MT3D-USGS 
simulations. Further surface water sample analysis and probably additional surface water sampling (for a broad range of 
CEC substances) would be required to evaluate the most important sources to surface water. 
 
Comparison of Model Results with Groundwater Sample Analyses 
 
The initial Tri Lakes project concept involved using the results of groundwater flow and solute transport 
modeling to guide the selection of the wells and surface water locations where risks to drinking water supplies 
and surface water were expected to be highest. One important purpose of sampling was to determine if the 
modeling could be used to forecast groundwater quality without the need for extensive corroborative field 
sampling. Overall, the modeling fulfilled those purposes. However, the comparison of modeled to 
actual/sampled concentrations yielded both important insights and cautionary notes, as follows: 
 

• The groundwater flow field from MODFLOW-NWT flow model v253, in conjunction with steady-state 
MT3D-USGS solute transport model v23 provided a useful prediction of expected three-dimensional 
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concentrations of a conservative (i.e., non-reactive) tracer across the entire study area, when compared 
with Nitrate (as N) concentrations at sampled wells.  
 

• The modeled data with MODFLOW-NWT v253 and MT3D-USGS v23 generally underestimated actual 
Nitrate (as N) concentrations in groundwater.  
 

• A best-fit of the modeled data to field data was achieved using a multiplier of 1.41 times all modeled 
concentrations.  

 
• This aggregate multiplier produced the minimum RMS (root-mean squared) error between modeled and field 

data, after correction, of 3.06 mg/L.  
 

• Location WEL51591, a domestic well, was a model outlier not included in the statistical analysis.   
 

• Figure 11 provides a comparison between modeled and sampled concentration data versus depth, at locations 
where the depth of the sampled well was known (i.e., where the appropriate 3D modeled concentration could 
be chosen for each sampled well). Appendix E provides a tabular comparison of modeled and sampled data. 
 

• Strong downward hydraulic gradients exist in most parts of the study area, increased in part by heavy deeper 
groundwater pumping. Downward gradients are an important reason why vertical movement is occurring 
despite low-conductivity layer properties such as high vertical anisotropy (i.e., Kv << Kh).  
 

• Long-duration source persistence contributes to deeper contaminant concentrations. OSS systems have existed 
in-place in the study area, most of them for decades. 
 

• The detailed vertical movement of contaminants was not evaluated. The model simulated average layer 
properties; however, study area is known to be very heterogeneous. For example, there are known ‘windows’ 
where confining layers are thin or absent. Some ‘windows’ were evaluated by the USGS (Drost et al, 1999) and 
are present in the MT3D modeling. Other ‘windows’ not in the numerical model were identified in studies 
reported by investigators knowledgeable in this area (personal communications). 

The sampled well data were also compared with two major branches of the flow model. The MT3D-USGS transport 
model was run using both an earlier steady-state version of the MODFLOW-NWT flow model (v198) and the current 
transient version of the MODFLOW-NWT flow model (v253). The main differences between the flow fields and 
corresponding transport model results were as follows:  

 
o The earlier version of the MODFLOW-NWT flow model (v198) used higher recharge adapted from 

the method of the USGS in Bidlake and Payne (2001). Hydraulic conductivities calibrated using the 
MODFLOW-NWT v198 flow field were higher than hydraulic conductivities in later MODFLOW-
NWT versions of the County model. The generalized effect of this was that solute transport distances 
were large, and simulated concentrations were lower near source areas, and lower at many model cells 
corresponding to sampled wells. This was interpreted to indicate that a higher dilution of OSS sources 
was simulated. In general, this “higher-recharge, faster-moving and more diluted septage plume” 
assumption proved to be a less-good match for actual field data. 

o  
o The current MODFLOW-NWT flow field (v253) used lower recharge (derived from a newer Soil-

Water Balance [SWB]) simulation of Thurston County built by Keta Waters (see Massmann and 
Massmann, 2021). Hydraulic conductivities in the study area calibrated using the v253 flow field were 
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lower than hydraulic conductivities in earlier MODFLOW-NWT versions of the county model. The 
generalized effect of this was that solute transport distances were lower, and simulated concentrations 
were higher near source areas, at many model cells corresponding to sampled wells. This was 
interpreted to indicate that less dilution of OSS sources was simulated. In general, this “lower-recharge, 
slower-moving and more concentrated septage plume” assumption proved to be a better match for 
actual field data (albeit with a multiplier of 1.41 still required to best-fit actual groundwater sample 
data).  
 

 
• The MT3D-USGS transport modeling assumed a single constant start date for all OSS loading. The 

groundwater sample data were compared with model results at a simulation time of 14,600 days (about 40 
years’ simulated time, or a source start date of about 1983 from the present [April 2023]). That simulation start 
was chosen because the OSS buildout ages peaked in about 1980-1985 (see the histogram in Figure 10). Of the 
11,577 OSS counted in the study area, initial buildout dates were approximated for 10,541 systems (about 
91%). However, numerous systems were installed before and after this peak, and many systems were installed 
before modern permit requirements. Additionally, this method used tax record occupancy dates, that assume 
the septic system began operating immediately after the construction permit was issued. Thus, the timing of the 
peak concentration at each sampled well may vary considerably from the 40-year assumption. These 
uncertainties are additive to those introduced by numerous flow and transport model uncertainties for large 
areas such as the Tri Lakes study area.  
 

• Numerous factors affect output concentrations of contaminants simulated by a numerical model. The 
proportions of contribution from any specific source type must be interpreted with caution. This study tested 
the effects of OSS/septic systems – one important class of sources. However, other sources exist that were not 
studied. Their contribution to actual detected concentrations is unknown. Additional work would be required to 
clarify the relative contributions of other possible source types.  

 
Findings 
 

1. The results of this project indicate the initial source delineations and modeling were largely correct: 
significant groundwater contamination does exist in the Tri Lakes area, and is likely related to OSS, but 
that other sources likely contribute to both modeled and sampled contaminants. However, modeling 
underestimated actual nitrate concentrations using best assumptions. 
 

2. Twenty-eight of the fifty-nine sampled wells (47%) had nitrate-nitrogen results greater than or equal to the 
early warning level of 2.0 mg/L. This suggests and confirms that nitrate/nitrogen is a contaminant of concern in 
the Tri Lakes groundwater area.  

 
3. Only one well (a monitoring well), exceeded the nitrate-nitrogen MCL.  The area of that well is entirely served 

by OSS and this is thought to be the source.  However, since the well is not being used for potable water, no 
investigation was conducted.   

 
4. Nine wells exceeded the TRIGGER for additional monitoring.  Since the TRIGGER only applies to public 

water supplies, only one Public B system was in exceedance. The project team notified the county’s drinking 
water program leader to inform her of this exceedance as Thurston County regulates Group B water systems.  
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5. Three wells exceeded the critical action level which generally triggers additional sampling and investigation of 
the scope of the problem and a corrective action plan. Initial owner/resident notifications were made. 

 
6. Numerous CECs were detected in groundwater samples, suggesting the need for follow-up. 

Pesticides/herbicides, Industrial chemicals, Commercial chemicals, pharmaceuticals and Food additives were 
all detected, some in numerous wells. 

 
7. One domestic well and three monitoring wells contained Total Coliform, but only one well was positive for E. 

coli (that owner was notified).  
 

8. Groundwater flow and transport provided a useful prediction of expected three-dimensional concentrations of a 
conservative (i.e., non-reactive) tracer across the entire study area, when compared with Nitrate (as N) 
concentrations at sampled wells. 

 
9. Sucralose emerged as a likely near-ubiquitous substance closely tied to OSS wastewater. Because of its 

ubiquity, sucralose may be a useful tracer and marker for human-derived wastewater loading.  
 
 

10. Surface water samples’ analysis result patterns were dissimilar from those of the groundwater samples, 
suggesting differing sources and dissimilar conceptual transport models. 
 

11. This work helps fulfill the objectives of the 1990 Sewerage General Plan for follow-up analysis of the 
consequences of OSS wastewater loading densities that were in use at the time of that plan.  
 

12. Modeling supports the hypothesis that reductions in allowable OSS wastewater loading densities 
implemented in the mid-1990s have improved groundwater quality when compared with those of the 
mid-1980s OSS construction peak. 
 

13. Detections of nitrate and CECs below confining layers (typically either Vashon till or Kitsap Formation) 
indicate that these confining layers are allowing downward movement of contamination, over the 
timescale of decades. Model results confirm the predictable nature of contaminant movement deep in 
the aquifers, despite the presence of low-conductivity layers and strong vertical anisotropy identified in 
the flow model. 
 

14. Strong downward hydraulic gradients exist in most parts of the study area, increased in part by heavy deeper 
groundwater pumping. Downward gradients are an important reason why vertical movement is occurring 
despite low-conductivity layer properties such as high vertical anisotropy (i.e., Kv << Kh).  
 

15. Long-duration source persistence contributes to deeper contaminant concentrations. OSS systems have existed 
in-place in the study area, most of them for decades. 

 
Assumptions, Limitations and Uncertainties 
 
In addition to the uncertainties noted above: 
 

1. To quantitively assess human health risk, additional analysis for CECs would be required using USEPA and 
DOE/DOH-approved methods, with full Quality Assurance and calibration standards.  
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2. Multiple assumptions, limitations and uncertainties exist; some of these – but not all - are noted in the 
text, figures, tables, and appendices referenced above. 

3. The proportions of actual sources to the detected groundwater concentrations are unknown. This study 
focused on only one source type – but many other causes probably also affect the concentrations 
detected; their proportions are unknown and were not simulated herein. 

4. Significant heterogeneity exists in the study area that was not evaluated. 
5. Several outcomes of the regularization approach used in this study (the summation of recharge and mass 

by equally sized model cells) are important: 
a. Nitrate is assumed to be evenly mixed across the entire model cell.  
b. The scale of the model grid is useful for averaging location and concentration uncertainties, 

including the averaging of location errors, so that complete mixing is a useful simplifying 
assumption.  

c. At the site scale, the assumption of complete mixing often breaks down. Nitrate in seepage may 
reach much higher or lower concentrations than calculated by following preferential transport 
pathways. 

d. The initial concentrations calculated from wastewater loadings are almost always higher than 
actual groundwater sample concentrations - from either drinking water supply wells or 
monitoring wells. Groundwater advection alone mixes flowing groundwater with wastewater, 
causing substantial dilution. Recharge occurring along the contaminant travel path further 
dilutes concentrations. Diffusion compounds these differences. 

2. Atmospheric nitrogen contributes a small amount to the total nitrogen analysis result (usually less than 
0.7 mg/L). 

3. Precise locations for wastewater loading were not always known – and documentation of many systems’ 
installation details/locations is not easily obtainable. The aggregation by model cell (200x200feet) 
probably smooths some of this location uncertainty. 

4. The default concentration of nitrate in wastewater reaching the groundwater surface (60 mg/L) is based 
on considerable research. However, by policy in Thurston County it is held as a constant - and was held 
constant in the MT3D-USGS solute transport modeling. The 40% average difference between modeled 
and sampled nitrate suggests that other sources may exist – or that source concentrations need further 
evaluation. 

5. Work by the USGS (Rosen, et al, 2005) indicates that the nitrate concentrations from OSS built from the 
1970s – early 1990s  may be higher than this default value - and the range of concentrations may be 
large. Thurston County Health Department data suggest that OSS designed and installed after the 1995 
Sanitary Code update are significantly more effective than older systems at nitrogen removal. 

6. For this study, the Thurston County Environmental Health default-policy value of 60 mg/L was used; 
this concentration would benefit from further research. 

7. Study findings are valuable for regional assessment, not site-specific evaluations. 
8. Study findings are NOT appropriate for the enforcement of regulations. 
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Overall, I think this is workable, have a few comments for consideration here.  Thanks for 
your work on this.   

 

Comment on Algaecide Applications: 

Pesticide labels regulate amount of a lake that can be treated, exceeding that is violation of 
federal and state law.  Most algaecide require treating no more than half of the lake at a 
time with various reentry periods to treat second half.  Peroxygen algaecide for example 
have 2 day hold before treating second half.  Hydrothall 191 might be exception.  

 

Page 12 section 2 water intakes.   

Suggest that you require permission from water agency if intake is within restriction zone or 
within reasonable distance from intake restriction on label, some lakes are large, or 
Columbia River for example, we shouldn’t have to get permission from agencies that would 
not be impacted by the treatment.   

 

Page 20, general application rules, 1.  

There are products that have label restrictions against irrigation that would be prohibited 
based on this language.  Should have wording that says restricts public use for swimming 
or fishing.  Tribal fisheries could be long or unknown to applicators.  We avoid treatment 
close to any holiday because of clients’ concerns anyway. 

 

Again expressing concern about the fish timing windows.   

This started as a response to a lawsuit brought to protect salmonids a few decades 
ago.  Since that time, a second agency that we have no ability to communicate with on this 
subject has arbitrarily added all kinds of additional conditions with no review or input from 
the regulated community.   

The problem with the current situation is that this permit refers to another agency’s web 
site.  At any time during the next five years of this permit, the entire ability to use the permit 
can be altered with no input or oversight to change conditions.  All they have to do is 
change the web page and your whole permit can be rendered useless, or individual lakes 
can suƯer.   



Plants like Curly Leaf Pondweed aren’t generally controlled without using some of the 
products subject to fish timing windows and this plant has to be treated before turion 
formation.  Consider allowing Endothall use for this weed earlier in the season.  

We should have the same opportunity to address the fish timing windows and provide 
comments as we do with this draft permit, the timing windows are part of it.   

 

NOEL table 

Diquat and Endothall won’t eƯectively kill plants at the rates outlined here, using 
herbicides at very low concentration below recommended levels can lead to herbicide 
resistance over time.  While we appreciate the attempt here, perhaps more of a lake by lake 
case could be made for using through the modification process.  The WDFW needs to be 
more flexible especially when these tools are needed for noxious aquatic weed 
control.  State law requires this permit to not burden noxious weed control eƯorts.  

 

Table 3.  

 I have always had a issue with Alum not being subject to the fish timing window.  This is the 
only product in this table that has actually caused direct and rapid fish mortality repeatedly 
in Washington State.  Products like diquat and endothall have never cause a direct fish kill, 
but are restricted by a fish timing window.  I would suggest adding that and using the 
modification process if people want to use it outside this window. 

 

Page 27 High Risk Periods with respect to DO 

 The 15 Degree C is too low, suggest going up to 25 

 B, most treatments are done in the morning or early morning before people and 
boats start moving around.  In aquatic plant beds, daily DO fluctuations are largely 
influenced by photosynthesis and respiration.  Because respiration consumes 
oxygen, levels in weed beds in the morning are artificially low.  This can impact fish 
even without any type of treatment.   

 D, we rarely see DO levels near 9 during the summer even in open water portions of 
Washington Lakes, this objective is probably unachievable.   

 



Page 28 Table 5, 

I assume this is for Alum, the way I read this it would apply to all phosphorus products (?) 
shouldn’t be required for Lanthanum.  

 

Terry McNabb 

Aquatic Biologist/Manager 

Certified Lake Manager/California Pest Control Advisor 

 



Thank you for sending this out for review.   

1. Regarding the revised monitoring for dissolved oxygen, is this a requirement for all 
algaecide/herbicide applications rather than only impaired water bodies? 

2.  What qualifications, if any, are there for the botanists required for pre-treatment 
surveys of water bodies with rare plants? What guidelines would you oƯer regarding 
possible financial/personal interest in treatment?  

Best regards, 

Nick 



Gloria Charland
I support the intent of your general proposal to: 
1) revise monitoring requirements around DO and some types of treatment to reduce P, 
2) clarify treatment timing windows, 
3) increased flexibility on aquatic herbicides 
4) add lanthanum=based control of P, 
5) update permit requirements to be more consistent with state and federal laws. 

I have included specific comments on specific elements of the text. 

From permit language: 
Comment or suggestion 
1 
Permit condition S3.A.1. The application of pesticides must not cause or contribute to lower water
quality standards,2 and S3.B. use of -410 
The text in S3.B seems vague as to the level of non-attainment of water quality narrative and
numeric conditions. 
2 
S3. D.1 and D.2, measures to avoid lower dO include removal of weeds and avoiding treatment
when lake is warm etc. 
This is important because lower DO in lakes that may be subject to HABs from low DO may release
sediment phosphorus. 
We recommend adding a link to the Ecology Water Quality Atlas that shows where water quality is
a problem. 

3 
S4.D implied there's no need to consult with WDFW if applying to a ditch. 
WDFW should be consulted as wildlife and fish use ditches. A 2014 paper by Tabor and Waterstrat
describes use of ditches by a rare fish calle dthe Olympic mudminnow. 
4 
Special Condition 3 states that the cumulative percentage of the littoral zone where herbicides may
be intentionally applied must not exceed the amount allowed below: a. In water bodies up to 15
acres in size, the Permittee may intentionally apply herbicides to no more than 75 percent of the
littoral zone. b. In waterbodies over 15 acres and up to 50 acres in size, the Permittee may
intentionally apply herbicides to no more than 60 percent of the littoral zone. c. In waterbodies over
50 acres and up to 500 acres in size, the Permittee may intentionally apply herbicides to no more
than 50 percent of the littoral zone. In waterbodies over 500 acres in size, the Permittee may
intentionally apply herbicides to no more than 30 percent of the littoral zone 
Changes in litroral vegetation can change predation rates on salmon. See 
page 59 or 60 of
(https://www.govlink.org/watersheds/8//pdf/WRIA8PredationSynthesisReport.pdf). 

So, I encourage the Washington State Dept of Ecology to consider doing a Tier 2 review. In



particular, for each lake, describe the history of use of chemicals, whether it has worked. To protect
salmon, 
describe the literature that supports that we can reduce that much littoral vegetation without
lowering DO or increasing predation risk. 
5 
S6. Monitoring of dO and temperature says the dO must be monitored on the top and the bottom 
This is an important factor that Ecology has required of permittees However, is typically done
during the day however DO lowers at night. Can you address this in the permit text. 
6 
S6. b. adds requirements for testing 2 weeks, a month and quarterly 
Thank you. This seems important to learn more about how aluminum sulfate influences water
quality and if it is re-released over time, particularly in lakes with high humic substances. 
7 
General Conditions G3.A.2. is important because it says that applicants should obtain a permit only
after sharing all relevant facts. 
We encourage Ecology to develop an easy to use databse for its permit writers that includes relevant
facts on each lake, river or water body that herbicides and algaecides are discharged into. 
8 
The definition of surface waters of the state are described on page 47. 
We believe that waters that are not wetlands also contribute discharges to water bodies of the state
of Washington. We encourage WA Dept of Ecology to further describe surface waters. A document
entitled 'Proof of landowners unreasonable interference with surface waters' available at Westlaw,
further defines surface water laws in this state. 
9 
Appendix C on page 50 describes fluoridone mgt plans and properly asks applicants to list animals
and fish etc. 
Listing animals and plants can be difficult for some. The WDFW PHS maps and info are sometimes
masked to protect locations of sensitive animals. 
10 
There is a list of herbicides approved on page 16 of the permit. 
We encourage Ecology to review whether some of those herbicides may be similar to the
photosynthesis-inhibiting herbicides referred to by Lurling and Roessink, who describe how
photosynthesis-inhibiting herbicides may promote cyanobacteria. To prevent cyanobacterial
blooms, Please elaborate on the type of herbicides that promote cyanobacteria 
https://pubmed.ncbi.nlm.nih.gov/16540149/. 
For instance diquat is approved but it is a photosynthesis inhibitor. The article above said that a
photosynthesis inhibitor herbicide promotes growth of cyanobacteria. 

Comments on fact sheet. 

The factsheet is for 2021. (Page 1 of the Fact Sheet) 
Please update for 2026 permit which is different from 2021 fact sheet. 
1 
Ecology will NOT revise the original fact sheet after it publishes the notice. (page 1 of fact sheet) 



If a permit changes in its technical requirements it seems pertinent to revise the original fact sheet.
We believe Ecology should update the fact sheet after receiving public comment. 
2 
Page 4 of fact sheet describes how dying plants deplete dO. 
Good, but there may be lake-specific information on dissolved oxygen. 
3 
Page 5 describes how much algae is beneficial, may be a nuisance but not a public health risk 
Great. This is important for people to understand!! 
4 
Page 5 describes how cyanobacterial blooms can be toxic and phosphorus contributes to algae
growth. 
Great. But this could be improved by elaborating on how herbicides may create low dO and
increase P levels in the water column, contributing to algal blooms. 
5 
Page 7 describes some legal cases. 
Improve by updating with recent cases 
6 
Page 11 describes when a Tier 2 analysis is done. I believe it implies that a Tier 2 analysis won't be
done for high quality water bodies that are going to have a lowering of water quality 
It is alarming that a Tier 2 analysis is not done if water quality is going to be lowered in lakes with
high water quality. This baffles me. What if those water bodies have listed species? It is unclear that
it is in the public interest to degrade water quality that is high quality. 
7 
Page 12 says: 

'Individual actions covered under a general permit do not need go through independent Tier 2
review. Ecology considers is important that the public have the opportunity to weigh in on whether
individual actions are in the overriding public interest. The antidegradation rule establishes a
refutable presumption that they do, but only through a public notice of intent to provide coverage
and expected compliance with antidegradation does the general public have an opportunity to
question individual actions. 
Please rewrite this statement about Tier 2 review in 'plain talk'. We support the creation of
additional review of impacts to water bodies and review of whether there are other ways to reduce
impacts to water bodies. 
'No Tier 2 review' means there is no additional review of impacts to waters of higher quality from
projects that are new or about to be permitted. 

People care about fish and wildlife and lake use and avoiding the extensive use of chemicals in
lakes. 
Can there be increased outreach on the public notice of intents to provide coverage? Social media.
No one uses newspapers. 
9 
Page 12 mentions non-numeric water quality effluent limits. 
Please clarify whether these are narrative criteria. 

Primary contact recreation and Boating are only 2 of many uses of waters (WAC 173-201A-200(4).
So is wildlife habitat (WAC 173-201A-200(4). So is Warm Water Species should then include



Olympic mudminnow shouldn't it? Please incorporate some level of narrative criteria for
non-numeric fish and wildlife habitat in ditches which may be a surrogate for lost habitats for
Olympic mudminnow. 
10 
reference to use of imazapyr is somewhere in this permit 
As a fyi, the use of imazapyr only temporarily controlled parrotfeather in a paper by Kuehne and
olden in 2015, who also found mudminnow in weedy places. 
11 
Page 12 mentions non=-numeric water quality effluent limits. 
We presume then that these are narrative standards. In site-specific places, aquatic vegetation is
important habitat for aquatic wildlife and non-salmonids. Can there be some language added to
protect the DO and vegetation conditions needed by the Olympic mudminnow in Western
Washington. The Olympic mudminnow is a fish that occurs in the Chehalis Basin and a few other
places in Western Washington, including roadside ditches and often with standing water. It tends to
occupy places with low DO and dense vegetation (see Adey et al 2018 page 271). On page 273 of
Adey it says that the mudminnow in Wisconsin are protected by dense vegetation. Yet, herbicide
reduces dense vegetation. 



Shannon Brattebo
Comments on Draft Aquatic Plant and Algae Management General Permit 

1. General comment – phosphorus is spelled several different ways throughout permit document.
Suggest searching document and ensuring that one spelling is used. 

2. Section S2.A #2 – First sentence. "...the discharger my apply for permit coverage". Who is the
discharger? Does this mean the applicator? The agency with oversight/management responsibility
of the waterbody? The sponsoring agency? I feel strongly that applicators should not be allowed to
obtain permit coverage for phosphorus control products, as they do for licensed herbicides or
algaecides. Phosphorus control products typically do not have a specific label application rate and
involve some design/calculation of dose based on lake conditions. 

3. Section S4.C #2b – abbreviation for phosphorus sequestration products (PSP) no longer relevant
given the change to phosphorus control products. Needs to be changed to PCP. Double check
throughout permit. 

4. Table 3 – First row "Alum (Aluminum sulfate and Sodium Aluminate)" last column "Other
Specific Restrictions" – what does "range finding" test mean? What range are you looking for?
Range of aluminum doses? Range of impact to pH? I would suggest leaving it at "A jar test must be
completed prior to whole lake treatment." The point of this jar test in this table was to determine
impacts to pH based on lake conditions the day of application and the chemicals delivered on site.
The point of this jar test was also to confirm the alum to buffer application ratio based on lake
conditions and chemical delivered to the site. This edit appears to change the intention/purpose of
this jar test. If you want to make sure that a jar test is conducted to determine/confirm the aluminum
dose of the treatment, then that's a whole different thing and impacts design of a treatment. That
specific jar testing to determine/confirm aluminum dose would have to happen several months,
maybe a year or more prior to treatment. 

5. Table 3 – Second row "Calcium Products...". Same comment as for the first row "Alum
(Aluminum Sulfate and Sodium Aluminate)". The text change to range-finding doesn't line up with
the second part of this bullet. 

6. Table 3 - Third row "Iron Bound Lanthanum". I am not aware of any use of an iron bound
lanthanum product for phosphorus control in the real world or Washington State. I have not come
across any peer reviewed literature about this product. Are there any examples of real-world
applications? What data did Ecology use to determine the appropriateness of adding this control
product to the table of approved products? Following the revisions to row #1 and #2, this product
should also require a jar test on site prior to application to determine impacts based on lake
conditions. Similar to alum and calcium, a jar test should be required regardless of alkalinity.
Application of this product should not rely on label application rates but should be based on specific
waterbody conditions. Does this product impact pH as other liquid iron products do? Other iron
based flocculants when added to water decreases pH. We know this from use of iron based products
historically as well as their use in water and wastewater treatment. Is there a proposed buffer to be
used with this product if it does impact pH? 



7. Table 3 Third row "Iron Bound Lanthanum" – please make available the updated EIS and eco
toxicity data available for this product. 

8. Table 3 Fourth row "Lanthanum Modified Bentonite Clay" – same comment as above lines in
Table 3. Should be consistent with the requirements of jar testing for all phosphorus control
products. Why is LMB not required to have a range finding test as was stated for Alum, Calcium,
and granular iron? 

9. Table 3 – "Subject to Treatment Timing Window" – The second bullet that is in this column for
Alum should be repeated for the other phosphorus control products. There is no reason why this
should only be applied to Alum. Plant biomass may interfere with all these products. 

10. Table 3 General Comment – there appears to be some confusion with regards to "range-finding
test" and "jar test". The intent of the jar test in this table in the permit historically has been to
determine/confirm buffer ratio as well as any potential impacts to lake pH the day of application. If
Ecology would like to see jar testing of products to confirm the dose of either aluminum, calcium,
lanthanum, etc then that is something completely different that would take place even before the
permit is applied for. The dose of products has not been something that Ecology has historically
regulated. 

11. Section S6 A#1d – I would recommend using a percent saturation for DO threshold. 9 mg/L
may be difficult to achieve if temperature is high. Where did the thresholds of 7 mg/L and 9 mg/L
come from? 

12. Section S6 B#1d – "monitoring to determine pre-treatment conditions..." – how many
samples/results need to be collected within that 3 months prior to treatment? 1? Once a month for
three months? I see where there is more specific information in Table 5. Suggest rewording bullet
#1d to reflect Table 5. 

13. Section S6 B#1e – Table 5 appears to only include monitoring requirements and schedule for
the use of alum/aluminum as the phosphorus control products. If this is the intent, then #1e needs to
be reworded to reflect that Table 5 is specific to Alum and then other tables should be added to
permit to show monitoring requirements and schedule for other phosphorus control products. All
phosphorus control products should have monitoring requirements based on their active ingredients.

14. Section S6 B#1g – what parameters need to come back to pre-treatment levels? Aluminum?
Alkalinity? Sulfate? Be more specific on the requirements to postpone post treatment monitoring. If
Ecology plans to make decisions based on a case by case basis then that should be explained in the
permit. 

15. Table 5 – At what depth should samples be collected? pH monitoring and other insitu
parameters probably will differ than other parameters. pH, Temperature, Conductivity and DO
should be measured throughout the water column. Samples collected for lab analysis would be at
discrete depths. Provide guidance on what depths. 

16. Does Table 5 only apply to aluminum treatments? If so it should specifically go in that section.
OR Table 5 should include additional columns for parameters specific to iron/lanthanum



applications. Some parameters will be the same but some will be different based on phosphorus
control product chosen. 

17. Section S6 B #2a – this "range finding testing" does not make sense. If this testing were to be
done to determine the proper volumetric aluminum dose then this would have to be done well in
advance of treatment, many months as the application is being designed, well before the permit is
even applied for. Is this section suppose to be referring to a jar test to CONFIRM dose OR check
lake response regarding pH and adapt volumetric application rates of alum and sodium aluminate
based on that response. If that is the intent, then I suggest calling it a jar test and not a range finding
test. To me a range finding test indicates you are trying to determine proper aluminum dose which
needs to be done to design the application. 

18. Section S6 B#2d – pH monitoring during treatment is NOT used to assess aluminum toxicity
thresholds. Its used to assess impacts to lake pH and lake conditions. Alkalinity is not easy to
analyze for in the field and requires sending to the lab and I'm not aware of what immediate steps
one would take to increase the pH. That would require adding a different product which would need
to be covered under this permit. Right? 

19. Section S6 #3g – need to include a table similar to Table 5 for lanthanum and iron products. Are
samples being collected on the same schedule as proposed for aluminum products? The schedule
should be the same. The parameters that should be required for post treatment monitoring should
reflect the active ingredient in the phosphorus control product. For example, aluminum is the active
ingredient in Alum and is required to be sampled for. I would assume that for lanthanum treatments,
lanthanum should be analyzed as well as other constituents that could affect lanthanum toxicity.
DOC? 

20. Section S6 #5 a – At times it can be challenging to receive laboratory data within 30 days of
collection, so it may be different for permittees to submit the monitoring data results within 30 days
of sampling. Is there any flexibility in the submittal timeline for this data? 

21. Section S6 #5 a – What "data" does the permittee need to submit that was used to estimate the
dose of products? Would this include a report, the raw data and/or calculations, the technical
specifications used to guide the application if developed? Often times there will be sediment data
used to determine the dose. Not everyone does a jar test to determine the dose of products. The dose
is often calculated based on the amount of mobile phosphorus in the sediment and the concentration
of phosphorus, as well as previous experience and case studies/historic knowledge and data. So
there may not be jar test results to submit. There should be jar test results from right before the start
of application to show the impact or lack thereof on pH but those are not data that would estimate
the dose. 



Okanogan County Noxious Weed Control Board (Darla Dolph)
WDFW Timing Window Change 
I would like to make a suggestion for an amendment to the timing window for lakes that only have
restrictions for waterfowl? For instance, lakes that have planned treatments and will only be treated
in residential/lakeside properties where there are no nesting sites, there should be no restrictions. 



Woodland Resource Services Inc. (Eric Meador)
I think having the list of approved adjuvants live on the website instead of the appendix of the
permit is a great idea for the reason stated in your comments! 

Great to have Triclopyr Choline added to the list of approved ingredients. The "Irrigation Permit" is
where we're having the most trouble with such a short list of approved products. We're now facing
Glyphosate resistant Kochia here on the east side because in "orchard/vineyard" areas glyphosate is
the only post-emergent product allowed on the inner banks of canals. (2,4d is too volatile for those
areas) 

On page 24, S5.E2.B there is a clause regarding posting signs that face both the water and the
shore. From our 15 years of experience, the sign facing the water seems to be redundant and only
contribute to more litter and wasted materials. If they were in the water when we posted the sign;
they would see us doing it and realize a treatment was about to take place. If they entered the water
after the sign was posted, they would see the sign facing the shore as they approached the water
body anyway. I just can't think of a likely scenario where the sign facing the water would ever be
used. 

S6.A.1: This provision seems very challenging to the actual work-flow that typically occurs.
Typically, treatments are scheduled weeks in advance (business/residential notice as well as
Ecology pre-treatment notification requirements the week before) and the contracted applicator
arrives the morning of the treatment. This provision appears to require the temperature to be taken,
at a minimum, and possibly other parameters. Either the applicator would do it when they arrive
(and possibly have to turn around and drive hours home) or the sponsor would need to do it the day
before to make sure conditions were permissible for treatment. Can the permittee delegate the task
to the sponsor who likely lives close to the site? Is there a relatively inexpensive device that can
measure these parameters that sponsors could buy? I could see a potential for a real challenge if it's
a shallow waterbody that is subject to the July 15th WDFW timing window restrictions forcing us
to wait for the hottest time of year in order to be able to treat. The provision also doesn't state how
long prior to treatment the measurements can be taken...1 day, 1 week, 1 month?? If the applicator
is required to visit the site the day before (i.e. a special trip) to take the sample, it could add enough
cost to smaller jobs that the treatment would no longer be financially viable. Maybe there have been
issues with fish kills related to this, but I'm not aware of any. 
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Shawn Ultican                  October 23, 2025 

Washington Department of Ecology 

Water Quality Program 

PO Box 47696 

Olympia, WA 98504-7696 

 

Subject: Proposed revisions to the Aquatic Plant and Algae Management General Permit  

 

To Mr. Ultican, 

The Washington Department of Fish and Wildlife (WDFW) appreciates the opportunity to 

provide feedback on the Department of Ecology’s (Ecology’s) revised Aquatic Pesticide and 

Algae Management (APAM) Permit. Our agency includes both staff that apply for APAM permit 

coverage as well as species and habitat subject matter experts that provide technical support to 

applicators. As such, we understand the effort required to balance the benefits of noxious and 

nuisance weed control with potential risks to threatened species and habitats. WDFW is deeply 

invested in supporting Ecology’s continued regulatory and implementation efforts in this space. 

We have strong concerns with two of the treatment timing window exemptions Ecology has 

proposed in section S4.D.3 of the draft permit. WDFW’s treatment timing windows were 

designed to protect priority fish and wildlife species in the state, including listed endangered and 

threatened species, at critical life stages. These proposed exemptions may create incidents where 

pesticide applicators unknowingly damage fish or other wildlife populations, either through 

direct toxic impacts to the species or by removing aquatic plants or algae that act as critical 

habitat and food at times when the species cannot easily relocate.  

The language in section S4.D.3.a of the draft permit appears to exempt certain pesticide 

treatments from following WDFW timing windows if those treatments use pesticides below 

specified concentration thresholds. We understand the logic that there is likely a concentration 

for each approved herbicide or algicide below which there is no toxic impact to fish or other 

wildlife within the water. However, we do not think standard species ecotoxicity tests are 

sufficient to determine concentration thresholds that are protective of sensitive ESA-listed 

species, as even standard test species can vary by orders of magnitude in their sensitivity to 
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specific pesticides.1 Allowing even select pesticide applications to occur in waterways that host 

endangered species without consultation with the state could cause unintended harm to species 

that are already threatened in Washington state. 

In addition to our concerns about toxicity, we also note that the WDFW’s timing windows 

consider certain indirect impacts from aquatic pesticides. Such negative impacts may include 

harming aquatic wetland emergent species, such as Phragmites australis americanus that serves 

as a host plant for a state candidate butterfly species or removing algae as a food source for 

certain species of tadpoles. Although the applied pesticide concentration does influence the 

severity of these secondary impacts, the severity is also heavily influenced by how and when 

treatments occur. As such, we ask that Ecology not create treatment timing window exemptions 

based on the concentration of applied pesticides. 

Similarly, we also urge Ecology to remove the treatment timing window exemption in S4.D.3.b 

for pesticide applications made to shoreline and emergent plants. Several waterfowl species 

listed in WDFW’s timing windows use emergent plants and plants near the shoreline to nest and 

rear young. These species cannot easily relocate from established nesting sites because the young 

are flightless during this time and so rely on emergent plants to protect them. If applicators are 

not required to consult WDFW timing windows before treatment, they run the risk of damaging 

waterfowl habitat and potentially exposing the species to higher rates of predation.  

WDFW recognizes that requesting a treatment timing window modification can be an onerous 

process for permittees. In lieu of blanket exemptions, we propose that our agencies work together 

to improve the efficiency of the consultation process while still ensuring that proposed pesticide 

applications do not harm listed species. As an example, we would be willing to explore with 

Ecology whether certain modification requests could be granted for multiple seasons, instead of 

the current limit of one year or treatment season described in S4.D.4. 

As a government entity that also conducts activities covered in this permit, we would also like to 

provide feedback about two of the monitoring and survey requirements currently proposed in the 

APAM permit. First, the rare plant surveying process as described in section S9 seems likely to 

delay pesticide treatments. Under the current permit proposal, rare plant surveys must be 

conducted annually and cannot be conducted sooner than three months in advance of treatment. 

1 As an example, toxicity data reported in the 2018 United States Environmental Protection Agency’s “Draft 
Ecological Risk Assessment for the Registration Review of Flumioxazin” reported No Observed Adverse 
Effects Concentrations (NOAECs) that varied by two orders of magnitude between different model freshwater 
fish and invertebrates. 



 
State of Washington 

DEPARTMENT OF FISH AND WILDLIFE 
Mailing Address: PO Box 43200, Olympia, WA 98504-3200 · 360 902-2200 · TDD 360 902-2207 

Main Office Location: Natural Resources Building, 1111 Washington Street, Olympia, WA 
 

3 

 

This delay may significantly reduce the treatment window, which may limit the effectiveness of 

treatments. It is also unclear in the permit language if a botanist must also conduct follow-up 

surveys, or if they can be done by the applicator. We would appreciate more clarity from Ecology 

regarding this requirement. 

Second, while we applaud Ecology’s concern regarding the impact of herbicide treatments on 

dissolved oxygen levels, we encourage Ecology to articulate a more stringent set of 

circumstances under which dissolved oxygen monitoring is required section S6.A. We believe 

the requirement as currently written will lead to costly monitoring with unclear benefits to 

aquatic species. As an example of more stringent requirements, Ecology could require weekly 

dissolved oxygen monitoring if water temperatures exceed 15o C, and treatment is likely to result 

in necrosis to >60% of pre-treatment vegetation cover in the waterbody. We would be happy to 

collaborate with Ecology to refine specific circumstances in which we agree monitoring is 

required to protect aquatic species. 

Finally, we have a few other comments regarding recordkeeping requirements:  

• We question the utility of providing Ecology with an up-to-date list of all licensed 

applicators within our agency, as mentioned in section S2.A.3.c. It is unclear how 

Ecology would expect to be updated when the list changes. Additionally, the Washington 

Department of Agriculture already maintains a database of all currently licensed 

applicators, so it is unclear what advantage this duplication would provide. 

• We would also encourage Ecology to require record keeping for seven years instead of 

five in S7.B.1, to make the permit consist with other state pesticide regulations. 

We appreciate Ecology’s continued efforts to ensure responsible pesticide applications in state 

waters and look forward to continued collaboration. Please reach out to Rae Eaton at 564-669-

8393, rae.eaton@dfw.wa.gov with any questions about the contents of this letter or any other 

information that could support your decision-making. 

 

Sincerely, 

 

Chris Conklin, Habitat Program Director 

360-591-4571 

chris.conklin@dfw.wa.gov 

mailto:rae.eaton@dfw.wa.gov
mailto:chris.conklin@dfw.wa.gov


Anonymous Anonymous
Plese help out the groups trying to figure out how or whether they need to control phosphurs in
Black lake. I am concerned over the amt of alum and sulfate that must be accumulating in there.



Betsy Norton
I am a birder and hiker and concerned about biodiversity amid climate change. I am particularly
concerned about accumulations of alum precipitate on lake bottoms and associated cumulative
levels of metals, Sulfides and organic chemicals in our lakes and streams over time. The permits
should be requiring an analysis and limits to total loading over time, as there are likely critical points
of accumulated chemical and precipitate concentrations which will have adverse effects. In
addition, I would recommend permitting that is time limited for using chemicals to remove
manmade pollutants like excess phosphorous. Ecology should set a timeline for an end to treatment
permits (some #of years) to force the locals to clean up their contamination sources. Otherwise
these "treatments" become a sisyphian task, and lakes become filled with precipitates which blanket
the lakebed and prevent the lake ecosystems from ever being restored. 
I also support specific comments from Bonnie Blessing and note regarding ditches that not only
extant species, but new species extending range or fleeing climate events are going to need all the
aquatic habitat we can provide- and that aquatic habitat needs to provide shade and physical
protection as well as nontoxic forage vegetation and invertebates. Thankyou.



Esther Kronenberg
I write as a member of the Clean Black Lake Alliance , a citizens group which monitors the health
of Black Lake in Thurston County. We advocate for treatment that uses herbicides as a last resort,
not the first, in alignment with the 2012 IAMVP done for Black Lake. 

I appreciate Ecology's intent to give greater flexibility to the use of aquatic herbicides, add
lanthanum based control of phosphorus and to add requirements around testing the impacts of
aluminum sulfate on water quality. 

I urge Ecology to consider the following when issuing this permit. 

1. Ecology states the application of pesticides must not cause or contribute to lower water quality
standards. (S3.A.1) A technical memorandum done by Thurston County's hydrogeologist found
strong evidence that contaminants from lakes were entering deeper aquifer layers that supply
Olympia's drinking water. See uploaded file. 

Does Ecology know the cumulative effects of annual herbicide use on the groundwater of each
lake? Protecting the drinking water should be Ecology's Number 1 priority. I urge Ecology to study
these cumulative impacts before issuing annual permits. 

2. Ecology should have data on each lake's historic use of chemicals and their results on DO and on
salmon predation in littoral vegetation zones in which herbicides were applied. Herbicide use
reduces dense vegetation. 
DO should also be measured at night when it is the lowest to get an accurate read on its actual
presence. 

More site specific data for each lake should also be provided. 

3. Ecology should better describe surface waters to which landowners' "unreasonable interference"
applies. There are ditches with low DO and dense vegetation which provide habitat to threatened
species like the Olympic mudminnow in Western Washington. 

Habitat should be an at least equal, if not more important, use criteria when setting water quality
effluent limits. 

4. Ecology states individual actions covered under a general permit need not go through
independent Tier 2 review. That means there is no additional review of impacts of waters of higher
quality from new projects. Ecology needs to be proactive to prevent the degradation of waters of
higher quality BEFORE they are impacted. 

5. I also note that according to Ecology's own documents, the Black Lake SUD is not authorized
under State law to do this kind of work.  It was formed under RCW 85.38  for diking, drainage and
flood control, which is not an RCW listed as valid for obtaining an algae and herbicide permit. The
BLSD should be reconfigured as an LMD with appropriate public input to be consistent with
Ecology's rules. 
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Summary and Purpose 
 
Between March and October 2022, fifty-eight water wells were sampled in the Tri-Lakes area for total coliform, 
E. coli bacteria, and nitrate-nitrogen. Ten samples were also analyzed for Chemical of Emerging Concern 
(CECs). Groundwater flow and transport modeling was used to assist in the selection of sampling locations. This 
sampling was completed with funding from the Washington State Department of Health (WSDOH) in 
compliance with a quality assurance project plan approved by WSDOH.   
 
The Tri Lakes area of Thurston County includes Hicks, Pattison, and Long Lakes (see Figure 1). These lakes are 
interconnected and ultimately flow into Woodland Creek which discharges to Henderson Inlet. The lakes are 
surrounded by densely clustered onsite sewage systems (OSS) (see Figure 2). Figure 2 also depicts the locations 
sampled for the project. This area is dominated by Type I Critical Aquifer Recharge Areas (CARAs). The study 
area also overlaps the western part of the McAllister Geologically Sensitive Area (MGSA) protecting 
Medicine/McAllister Springs and the critically important McAllister Wellfield serving the City of Olympia. 
Groundwater and surface water protection in the Tri Lakes area have been a concern to residents and policy 
makers for decades.  
 
Despite these sensitivities, historically Thurston County has not had sufficient data to change OSS policy 
when cost and implementation obstacles are high. For example, questions remain regarding the extent to 
which drinking water and surface water may be adversely impacted by OSS sources. Since the late 1970s, 
programs have been developed to reduce the discharge of nutrients from OSS, and to identify areas where 
OSS should be considered for conversion to public sewer to protect water resources and public health.  
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This study is intended for consideration by County management, external entities and elected officials in 
the process of considering their policies. However, the report is advisory only; policy changes may 
depend on numerous other factors. 
 
Over the past 20 years, significant improvements in knowledge have made available new resources to 
evaluate OSS options – and to distinguish OSS from other potential contaminant sources. Prior to this 
study, Thurston County Water Resources program built a MODFLOW-NWT groundwater flow model 
(now at versions v198 [steady-state flow] and v253 [transient flow]) and the MT3D-USGS solute 
transport model (v23) for the Tri Lakes area of Thurston County (Bedekar et al, 2016; Niswonger et al, 
2011). Initial model results suggested that the known small domestic and small community water supply 
systems (Group B) might be impacted by contamination from OSS – but are infrequently sampled in 
some cases. Larger and deeper wells that are part of larger community water supply systems are 
frequently sampled and were considered somewhat less likely to be contaminated by OSSs.  
 
However, field validation of the model-based extent and concentrations of contamination from OSS 
systems had not previously been conducted. An important purpose of this project was to collect new data 
that could be used to evaluate the current groundwater quality while calibrating the groundwater modeling 
so that a first assessment of the location and severity of potential groundwater contaminant impacts could 
be made. Also, validating the effectiveness of modeling could allow it to be used more widely in Thurston 
County for forecasting future contaminant movement, and to provide an early warning system for public 
drinking water systems. 
 
The results of this project indicate the initial source delineations and modeling were largely correct: 
significant groundwater contamination does exist, and is likely related to OSS, but that other sources 
probably contribute to nitrate loadings. Modeling using best-available assumptions was found to 
underestimate actual nitrate concentrations. 
 
Prior Work 
 
Septic systems are the primary method for wastewater disposal in rural Thurston County. Thurston 
County has undertaken several major studies of the impacts of OSS on groundwater including in the 
important Tri Lakes area, where ‘legacy’ OSS were installed. In this study, “Legacy” OSS were installed 
at spatial densities above those permitted by modern design standards.  
 
 
In Thurston County, few major nitrate source types are as widespread as wastewater from OSS. In most 
cases, direct correlation between a particular potential nitrate source and a groundwater sample containing 
nitrate is not possible. Therefore, in practice, it is difficult to distinguish nitrate source types without 
extensive groundwater sample analysis (Seiler, 1999; Seiler et al 1999; Seiler, 2005). Better assessment of 
these questions was part of the genesis of this study. In addition, OSS are not designed to reduce 
concentrations of nitrate, nor are they designed to reduce concentrations of the many substances in 
wastewater used for consumer, pharmaceutical, pesticide/herbicide or industrial purposes. 

http://www.co.thurston.wa.us/
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Some of the work to improve water quality prior to this study comes from the progressive steps already 
undertaken with respect to wastewater: 
 

• Formation of LOTT Clean Water, the wastewater utility serving the cities of Lacey, Olympia, 
Tumwater, and Thurston County, largely through sewered infrastructure.  

• Sewerage General Plan (1990) requirements to re-evaluate appropriate OSS densities as data 
become available. 

• Thurston County Sanitary Code updates to reduce allowable OSS/septic system densities (1990s) 
• Thurston County Sanitary Code updates to add a Nitrate Assimilative Capacity test requirement 

before approving some new OSS (mid-2000s) 
• Summit for Elected Officials: Water Quality and OSS (2011) 
• Septic loading risk analysis (2013) 
• Groundwater contaminant (nitrate) transport modeling in the Scatter Creek aquifer demonstrated 

significant issues with OSS loadings to groundwater, probably exacerbated by lawn fertilizers and 
small agriculture or point-loadings from permitted facilities. These results suggested that other 
parts of Thurston County would benefit from predictive modeling (2012-2014) 

• Septic-to-Sewer project (2015) 
• Compilation of OSS locations and estimated wastewater loadings (2014-2016) 
• Calculation of updated wastewater loadings from OSS using residency/occupancy data (2016-

present) 
• LOTT reassessments of sewerage needs (ongoing) 
• Groundwater flow modeling using MODFLOW-NWT (steady-state version v198; 2020) 
• Groundwater transport modeling using MT3D-USGS (version v23 using the steady-state 

MODFLOW-NWT flow model v253 [as of late 2022]). 
 
The Septic-to-Sewer project conducted from approximately 2012 through 2014 (with updates to the 
present), produced an inventory of known OSS in city limits or urban growth areas in conjunction with a 
focused effort to identify areas of persistent groundwater contamination (see Thurston County, 2015; 
Morgan, 2016). The high-spatial-density ‘legacy’ OSS systems (generally installed before current 
regulations) in the Tri Lakes area emerged as a potential threat to water quality. Updating of the septic 
location inventory (2016-present) using residency/occupancy data, among other data sources, further 
increased the calculated septic densities for the Tri Lakes area. 
 
These findings confirmed prior work in the Tri Lakes area focused on disconnecting or abandoning 
shallow private wells in favor of public water service, as well as updating the OSS inventory. 
 
Figure 2 depicts the loading to groundwater from OSS calculated for the Tri Lakes area based on the best-
available OSS loading data (see Appendix D). Colors are coded according to Thurston County Board of 
Health Resolution H-2-1996 (Thurston County Board of Health, 1996) defining nitrate concentrations: 
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• Blank – groundwater recharge is below the Early Warning Level (EWL) of 2.0 mg/L  
• Yellow – groundwater recharge is equal to or above the Early Warning Level (EWL) of 2.0 mg/L, 

but below 4.0 mg/L 
• Orange – groundwater recharge is equal to or above the Contaminant Action Level (CAL) of 4.0 

mg/L, but below 10 mg/L 
• Red – groundwater recharge is equal to or above the Federal Safe Drinking Water Act (SDWA) 

Maximum Contaminant Level (MCL) of 10.0 mg/L 
 
The calculation of nitrate loading requires two values: wastewater flowrate and nitrate concentration: 
 

• [Loading (mg/day)] = [Nitrate Concentration (mg/L)] * [Wastewater Flowrate (L/day)] 
 
Initial (source) concentrations of nitrate were calculated for each model cell (see Thurston County, 2022, 
for the methodologies used). These were input to the MT3D solute transport model as ‘source’ 
concentrations, as described below.  
 
Both the wastewater flowrate and nitrate concentration can be calculated using reasonable assumptions 
for wastewater from OSS. The usefulness of the calculated loading depends upon using a regularized unit 
of land area across which the different values for nitrate loading can be normalized. Land parcels with 
variable sizes do not meet this need. Instead, a regularized (square) grid was used – the same square grid 
used for both the groundwater flow and transport models, with an equal-cell-size of 200x200 feet (40,000 
square feet, or slightly less than one acre).  
 
The geospatial output was a point shapefile, with point attribute values for the centroid of each model 
cell. Each point contains metadata with the initial nitrate concentration at each cell in milligrams per liter 
(mg/L). Each point was further indexed with the MODFLOW model cell indices [I,J,K] used to assign 
MODFLOW recharge (steady state), and to allow importation into the MT3D solute transport model (v23 
- constant source concentration) for further analysis. 
 
Note that nitrate loading data represent the shallowest probable nitrate concentration due to OSS impact. 
However, in practice – and in part because of shallow nitrate/bacteria contamination - most wells are 
intentionally installed with open intervals significantly below the zone impacted by OSS. Unfortunately, 
this creates a statistical bias in groundwater samples that there is no shallower contamination; this effect 
often leads to the erroneous conclusion that shallow groundwater is uncontaminated. To correct this bias, 
shallow monitoring wells were also sampled to represent shallowest groundwater nitrate. 
 
In the northern part of Thurston County, deeper wells are installed to avoid shallow OSS contamination (a 
practice well-known to drillers). Because these wells are often protected by overlying confining layers, 
nitrate sample results are typically close to background concentrations. This positive outcome incentivizes 
drilling deeper – but masks the presence of potentially-contaminated shallow groundwater.  
 

http://www.co.thurston.wa.us/
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Nitrate mass loading assists the evaluations of the total mass of nitrate reaching groundwater – and then 
surface water (this migration is calculated primarily using the groundwater transport model MT3D). 
These can better assess the proportions of nitrate derived from OSS reaching groundwater, streams, and 
lakes.  
 
Using the updated OSS inventory for the Tri Lakes area, county-wide nitrate loading described in 
Appendix D was applied across the study area and used as the input to the SSM Module (Source-Sink 
Mixing) of the groundwater transport model MT3D-USGS based on the MODFLOW-NWT ground-
surface water flow model running county-wide.   
 
Numerous hotspots that were identified in the Tri Lakes area indicate that OSS are likely to cause 
exceedances of the Federal Safe Drinking Water Act Maximum Contaminant Level (MCL) of 10 mg/L in 
some areas (see red-shaded cells in Figure 2; model results in Figure 3 and 4). Many of these clusters of 
wastewater loading points were installed before an OSS regulatory structure existed, or under regulations 
that have since been superseded.  
 
Modeling done for this study is one of the tools that can now be used more often to assess risks and focus 
water quality efforts. Modeling the water quality impacts from OSS and possibly other urban/suburban 
sources could help assess where sewers would be of greatest benefit. This project is a logical follow up to 
the septic-to-sewer project and there are a good number of public drinking water sources in the area, so it 
is logical that both WSDOH and the Thurston County Health Department should be involved. By using 
modeling to prioritize the best locations for confirmatory sampling, such a project could help with 
questions about whether to extend sewer. Updating of the Sewerage General Plan (now nearly 30 years 
old) might also be one outcome. This information can also help policy makers and staff evaluate the 
impacts of new development proposals. The information can also be used by WSDOH to evaluate the 
susceptibility rating of public drinking water sources in the area.  
 
Sewer system expansion is, however, a much more extensive process involving treatment system 
capacity, engineering feasibility and numerous financial considerations far beyond the scope of this study. 
However, this study can help inform where such further investigations might best support water quality 
improvements.  
 
Hydrogeology, MT3D Transport Modeling and the Selection of Candidate Wells 
 
The MODFLOW-NWT and MT3D simulations quantitatively evaluated groundwater flow and solute 
transport for a conservative, non-reactive modeled solute that can be considered similar to the actual 
physical transport properties of nitrate. The six-layer flow and transport models included the important 
aquifers and confining layers in the study area. Table 1 includes the estimated well depths where known, 
the model layer from which pumping is presumed to have occurred, and the probable aquifer pumped. 
Using the historical USGS nomenclature for the study area (Drost et al, 1999), the major aquifers 
simulated in the MODFLOW and MT3D models were: 

http://www.co.thurston.wa.us/
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• Layer 1: The ‘Vashon Recession’ (Qvr) aquifer is present through most of the study area. Known 

contamination and recent modeling suggest that OSS may impact this aquifer in significant 
concentrations (above MCL of 10mg/L). Significant discharge from this aquifer feeds the three 
lakes and Woodland Creek as baseflow, exposing them to additional contamination.  

 
• Layer 2: The ‘Vashon Till’ (Qvt) is generally a confining layer present through most of the study 

area. Known contamination and recent modeling suggest that OSS may have penetrated this layer 
significant concentrations (above the MCL of 10mg/L).  

 
• Layer 3: The ‘Vashon Advance’ (Qva) aquifer is present throughout the area. Known 

contamination and recent modeling suggest that contamination passes through overlying Vashon 
till confining layer and impacts this aquifer. Some discharge from this aquifer feeds the three 
lakes and Woodland Creek as baseflow, probably also exposing them to contamination.  
 

• Layer 4: The Kitsap Formation (Qf) is not generally known as an important aquifer in the study 
area, yet some wells appear to be completed in this formation.  

 
• Layer 5: The ‘Sea Level’ (Qc) aquifer is a major drinking water supply aquifer for northern 

Thurston County. Known contamination and recent modeling suggest that contamination may 
pass through overlying confining layers to impact this aquifer. 

 
• Layer 6: Deeper aquifers (TQu – Tertiary-Quaternary aquifers, undifferentiated) were modeled 

and may receive contaminants. There is some known deeper contamination, for which the source 
is unknown; modeling suggest OSS may contribute contamination to the sands that make up this 
deeper aquifer – contamination that has previously been difficult to trace.  
 

Note: 

In some cases sampled wells’ depths are not known. Logs may not be available, and the exact formation from which water is pumped 
remains unclear. Table 1 provides the estimated model layer and named aquifer, if known, for sampled wells only. 

Figure 12 presents these model layers as defined in the groudwater flow (MODFLOW_NWT v253) and 
solute transport (MT3D-USGS v23) models used in this project. 

For simplicity in this report, Figure 3 depicts the extent of solute transport (qualitatively similar to nitrate) 
determined by MT3D-USGS modeling of Layer 3 at a simulated duration of 14,600 days (MODFLOW-
NWT v253, MT3D-USGS v23), while Figure 4 depicts Layer 5 from the same simulation pair. Figure 12 
depicts the extent of contamination vertically in cross-section B-B’, from south to north across the study 
area.  

http://www.co.thurston.wa.us/


 

 COUNTY COMMISSIONERS 
 
Carolina Mejia-Barahona 
      District One 
Gary Edwards 
      District Two 
Tye Menser 
      District Three 

 
 

Page 1 
 

3000 Pacific Avenue SE, Olympia, Washington  98501      (360) 786-5490 /FAX (360) 754-2939 
TTY/TDD call 711 or 1-800-833-6388         Website:  www.co.thurston.wa.us  

This simulation utilized a total of 11,577 ‘wastewater generation points’ (each point is equivalent to the 
wastewater generated by one household’s OSS. The loading from these was aggregated into 4,490 model 
“source” cells at the resolution of 200x200 foot model grid cells. Nitrate loadings for these grid cells were 
input to the SSM Module (Source Sink Mixing) of the MT3D transport model of Thurston County. 

Transport modeling produces a full 3D solute transport field over time that can be animated. Several 
animations were made of solute migration simulating nitrate movement. 

 
Selection and Sampling of Wells 
 
Prior to this project, several hundred wells were believed to exist in the study area. Many of these wells 
were mapped or sampled as part of prior investigations from the 1980s through the 2000s. Concerns about 
water quality resulted in many of these wells being disconnected or abandoned as homes were connected 
to public water supply systems. This was a successful public health approach – but the number of 
domestic wells remaining in the Tri Lakes area remained uncertain. 
 
Candidate wells for field sampling were seleted by comparing expected pumping wells’ intake zones with 
the corresponding MT3D model-calculated solute concentrations at a model time of 14,600 days 
(approximately 40 years’ model duration). This time duration was chosen from the estimated builduout 
date for the majority of OSS in the Tri Lakes area to the present with a modal distribution year of about 
1980 (see Figure 10).  
 
Prioritization of the approximately 100 most-likely-contaminated wells using this process was augmented 
with other criteria such as: 
 

• Known prior groundwater quality problems at wells already in Thurston County water quality 
database 

• The well is known or very likely to be shallow 
• Larger served population for community water supply systems, prioritizing Group B small 

community system wells. 

Based on the prioritized wells, residents were first sent letters and then postcard mailings to determine if 
the owner was receptive to sampling. Numerous wells from this process were found to be unavailable for 
sampling as many wells reportedly either no longer existed, or owners refused/ignored the sampling 
request. To locate additional wells, Health Department staff went door-to-door in the project areas and 
were able to secure additional wells for sampling.  Additionally, both the Thurston County Public Utility 
District #1 and the City of Lacey granted access to multiple wells. Eight county-owned monitoring wells 
were also sampled in areas with densely clustered OSS, to evaluate a potential ‘worst-case’ scenario. The 
locations of final sampled wells are shown on Figures 2, 3 and 4. Table 1 (appended) provides the field 
data, well depth if known and the probable aquifer pumped, while Table 2 below provides a summary of 
the numbers of wells initially expected in the study area, by class of well.  
 

http://www.co.thurston.wa.us/
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Table 2 - Well Types Sampled for the Project 
 

Class of Well 
Count of Pumping 

Wells in Study Area by 
Well Class 

Wells Sampled 
for this Project 

Typical Aquifer 
(see Table 1 for 

details) 
Public Supply Group A Systems 57 12 TQu, Qc 
Public Supply Group B Systems 39 18 Qc, TQu 
Domestic 421 20 Qvr, Qva, Qc 
Monitoring - 8 Qvr 

Totals 554 58  
 
Sample Analysis Results 
 
The collected data are fairly representative of public, private, and monitoring wells in the project area. Brief 
summaries are as follows: 
 
Results of Bacteriological Sample Analyses 
 
Only 4 of 58 (7%) of wells sampled had detections of total coliform bacteria and the range of detection was 2 – 
17 MPN/100ml. MPN refers to the Most Probable Number [MPN] of total coliform bacteria colonies per 100 
milliliters of sampled water.  Three of the four wells with total coliform detections were monitoring wells, and 
one was a domestic well. The owner of the domestic well was notified of this result. Additionally, no wells had 
detection of E. coli bacteria (typically associated with human wastewater).   
 
 
Results for Nitrate 
 
Table 3 below compares the nitrate (as N) sample data with the USEPA maximum contaminant level (MCL), 
and action levels established by Thurston County policy and the type of well sampled.  It is important to note that 
human health effects from nitrate are not known to occur at nitrate-nitrogen levels below the MCL; however, 
note below that other substances present in groundwater samples may have different toxicity profiles (see the 
CEC data presented later).  
 
Table 3 - Comparison of nitrate (as N) with regulatory criteria 
 
 Group A Group B Domestic Monitoring Total 
Exceeds MCL    1 1 
Exceeds TRIGGER  1 4 4 9 
Exceeds CAL  1 1 1 3 
Exceeds EWL 6 3 6  15 
Below BACKG 6 13 10 2 31 

http://www.co.thurston.wa.us/
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MCL:   10 mg/L 
TRIGGER:  Federal and State trigger level for increased monitoring: 5 mg/L 
CAL:   County Critical Action Level: 4 – 9.9 mg/L (only results 4 - <5 mg/L counted for this report) 
EWL:  County Early Warning Level: 2 – 3.9 mg/L 
BACKG:  County Background: < 2.0 mg/L 
 
See Table 1 for the depths if known, and probable aquifer pumped. Early Warning and Contaminant Action 
Levels were established in 1996 for all of Thurston County by Thurston County Board of Health Resolution H-2-
96. That same resolution: 
 

• Establishes nitrate as the indicator of contamination of ground water due to human activities. 
• Indicates that nitrate concentration levels below 2.0 mg/l are to be considered “background”  
• Creates an Early Warning Level (EWL) when nitrate concentrations are between 2.0 and 3.9 mg/l. 
• Establishes a Critical Action Level (CAL) for nitrate concentrations between 4.0 and 9.9 mg/l. 
• Recognizes that 10.0 mg/l is the federal and state maximum contaminant level for nitrate.  

 
Additionally, WAC 246-290-320 (3)(b) requires increased monitoring when testing shows water supplies exceed 
50% of the maximum contaminant level (MCL), and references 40 C.F.R. 141.23(d)(2) which states that water 
systems must increase sampling frequency when they exceed the trigger level (5.0 mg/l for nitrate). 
 
Results for Chemicals of Emerging Concern (CEC) 
 

Groundwater samples from ten selected Tri Lakes area wells were analyzed for CECs (Chemicals of 
Emerging Concern) by the University of Washington (UW) Tacoma Center for Urban Waters. Chemicals 
of Emerging Concern are related to consumer usage; these are distinct from ‘Residual Chemicals’ 
described as present in post-treatment Reclaimed Water in studies conducted by LOTT Clean Water north 
of the Tri Lakes project area, for example (see Intertox [2022]).  

Table 4 presents the distribution of the types of wells that were sampled: 
 
Table 4 – Distribution of Wells Sampled for CEC Analyses 

 
Group A Group B Domestic Monitoring 
2 2 5 1 

 
Figures 5, 6, 7, 8, and 9 provide graphical presentations of instrument responses for substances tentatively identified 
using the UW Tacoma Center for Urban Waters methodology for CECs (James and Wark, 2023). Note that these are 
NOT groundwater concentrations, per se, but rather relative instrument responses. The analytical process used by the 
Center for Urban Waters (UW Tacoma) essentially first produces a “screening level” evaluation of chemicals that are 
present in a sample which can be compared with over 1000 chemical “standards” in a chemical signature “library” 
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developed for the analytical process (Appendix C provides a summary review of this procedure). This results in a 
tentative substance identification that compares mass and retention time for the detected molecules to the known 
standards in the library. Phase I tentatively identified substances generally correlated with five chemical classes: 
 

• Food additives: Six (6) substances  
• Commercial chemicals: Twelve (12) substances  
• Industrial chemicals: twenty-five (25) substances  
• Pesticides and Herbicides: nine (9) substances  
• Pharmaceuticals: Twelve (12) substances  

 
Appendix B provides a screening list of tentatively identified compounds, while Figures 5 through 9 present a visual 
comparison of abundance for the same substances.  
 
Figure 12 provides an overview of CEC detected in Puget/Salish waters, highlighting the ubiquity of these substances 
(Tian, et al, 2019). 
 
Based on the Phase I findings, Phase II analysis was performed on ten selected groundwater samples using repeated 
quantification of replicates by Mass Spectrometry (MS/MS). See Appendix C for an overview of analysis procedures. 
The Phase II analysis process produced semi-quantitative concentrations for: 
 

• Caffeine (a food additive) 
• 2,6-Dichlorbenzamide (BAM) (a breakdown product of the herbicide DCBN or dichlobenil – one trade name 

is “Casoron”) 
• Sucralose (a food additive) 
• Sulfamethoxazole (an oral sulfonamide antibiotic) 

 
Table 5 presents the approximate concentrations for these specific substances, and the substances themselves are 
tentatively identified.  
 
Three other substances/classes were analyzed-for but were not detected: OPEO and NPEO (groups of chemicals widely 
used as surfactants or emulsifiers in detergents) and Methylprednisolone (a corticosteroid hormone pharmaceutical used 
to treat arthritis, blood disorders, severe allergies, etc.) 
 
Note that the concentrations presented in Table 5 are semi-quantitative estimates, given in nanograms per liter of 
groundwater (ng/L) with a potential +/-50% variance. Estimated concentrations above 500 ng/L are above the upper 
limit of the original instrument calibration curve and can be treated as >500 ng/L; they are included for comparative 
purposes between sampling sites. Substances detected below the quantification limit are depicted with a less than (<) 
symbol. To protect owner/resident anonymity, well location alias names are used; other sensitive location information 
is excluded from Table 5. Please contact the Thurston County Health Department to request additional information.  
 
The Center for Urban Waters analysis process tentatively identifies hundreds - or thousands - of substances and their 
concentrations using a large and powerful library of chemical properties. By providing tentative substance 
identifications and approximate concentrations, this ‘screening’ approach is very valuable for this first-of-its-kind 
assessment of groundwater in the Tri Lakes project area. However, this method alone cannot provide all the data 
needed for full substance confirmation and quantification. Additional sampling and analysis using agency-approved 
standard methods would be needed for assessments of human health risk.    
 

https://urldefense.com/v3/__https:/www.webmd.com/women/features/escape-hormone-horrors-what-you-can-do__;!!K-Hz7m0Vt54!k9OF7DzQY-HqPccnlDZUo-mtljM5Jq42bv2qCuyiiJ-pdTXffF2M2Xd2JHeq5ogr92P73N1OIj89Q2DwYkfpzUFdmuYVkIaNUiQ$
https://urldefense.com/v3/__https:/www.webmd.com/arthritis/video/rippe-arthritis-any-age__;!!K-Hz7m0Vt54!k9OF7DzQY-HqPccnlDZUo-mtljM5Jq42bv2qCuyiiJ-pdTXffF2M2Xd2JHeq5ogr92P73N1OIj89Q2DwYkfpzUFdmuYVL75PPgQ$
https://urldefense.com/v3/__https:/www.webmd.com/cancer/lymphoma/blood-disorder-types-and-treatment__;!!K-Hz7m0Vt54!k9OF7DzQY-HqPccnlDZUo-mtljM5Jq42bv2qCuyiiJ-pdTXffF2M2Xd2JHeq5ogr92P73N1OIj89Q2DwYkfpzUFdmuYVW-34_fk$
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Figure 12. Detection frequency for Contaminants of Emergimg Concern (CECs) in Puget/Salish Sea waters (adapted from Tian, et al, 
2019).  
 
Results from Analysis of Surface Water Samples 
 
Six surface water sites were sampled because preliminary observations and research suggested that they were each 
likely fed by groundwater. Provisionally, the surface water samples can be physically associated with groundwater 
sample analyses and modeling results (see Table 1). Total Coliform was elevated in all the surface water samples, while 
E. coli and Nitrate were present at relatively low concentrations. The significant differences between these six surface 
water samples and groundwater samples suggests different sources feeding these six surface waters. Although 
groundwater may contribute seepage to these water bodies, the contaminant profiles are dissimilar, suggesting a 
different conceptual model that cannot easily correlate with findings from the MODFLOW-NWT and MT3D-USGS 
simulations. Further surface water sample analysis and probably additional surface water sampling (for a broad range of 
CEC substances) would be required to evaluate the most important sources to surface water. 
 
Comparison of Model Results with Groundwater Sample Analyses 
 
The initial Tri Lakes project concept involved using the results of groundwater flow and solute transport 
modeling to guide the selection of the wells and surface water locations where risks to drinking water supplies 
and surface water were expected to be highest. One important purpose of sampling was to determine if the 
modeling could be used to forecast groundwater quality without the need for extensive corroborative field 
sampling. Overall, the modeling fulfilled those purposes. However, the comparison of modeled to 
actual/sampled concentrations yielded both important insights and cautionary notes, as follows: 
 

• The groundwater flow field from MODFLOW-NWT flow model v253, in conjunction with steady-state 
MT3D-USGS solute transport model v23 provided a useful prediction of expected three-dimensional 
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concentrations of a conservative (i.e., non-reactive) tracer across the entire study area, when compared 
with Nitrate (as N) concentrations at sampled wells.  
 

• The modeled data with MODFLOW-NWT v253 and MT3D-USGS v23 generally underestimated actual 
Nitrate (as N) concentrations in groundwater.  
 

• A best-fit of the modeled data to field data was achieved using a multiplier of 1.41 times all modeled 
concentrations.  

 
• This aggregate multiplier produced the minimum RMS (root-mean squared) error between modeled and field 

data, after correction, of 3.06 mg/L.  
 

• Location WEL51591, a domestic well, was a model outlier not included in the statistical analysis.   
 

• Figure 11 provides a comparison between modeled and sampled concentration data versus depth, at locations 
where the depth of the sampled well was known (i.e., where the appropriate 3D modeled concentration could 
be chosen for each sampled well). Appendix E provides a tabular comparison of modeled and sampled data. 
 

• Strong downward hydraulic gradients exist in most parts of the study area, increased in part by heavy deeper 
groundwater pumping. Downward gradients are an important reason why vertical movement is occurring 
despite low-conductivity layer properties such as high vertical anisotropy (i.e., Kv << Kh).  
 

• Long-duration source persistence contributes to deeper contaminant concentrations. OSS systems have existed 
in-place in the study area, most of them for decades. 
 

• The detailed vertical movement of contaminants was not evaluated. The model simulated average layer 
properties; however, study area is known to be very heterogeneous. For example, there are known ‘windows’ 
where confining layers are thin or absent. Some ‘windows’ were evaluated by the USGS (Drost et al, 1999) and 
are present in the MT3D modeling. Other ‘windows’ not in the numerical model were identified in studies 
reported by investigators knowledgeable in this area (personal communications). 

The sampled well data were also compared with two major branches of the flow model. The MT3D-USGS transport 
model was run using both an earlier steady-state version of the MODFLOW-NWT flow model (v198) and the current 
transient version of the MODFLOW-NWT flow model (v253). The main differences between the flow fields and 
corresponding transport model results were as follows:  

 
o The earlier version of the MODFLOW-NWT flow model (v198) used higher recharge adapted from 

the method of the USGS in Bidlake and Payne (2001). Hydraulic conductivities calibrated using the 
MODFLOW-NWT v198 flow field were higher than hydraulic conductivities in later MODFLOW-
NWT versions of the County model. The generalized effect of this was that solute transport distances 
were large, and simulated concentrations were lower near source areas, and lower at many model cells 
corresponding to sampled wells. This was interpreted to indicate that a higher dilution of OSS sources 
was simulated. In general, this “higher-recharge, faster-moving and more diluted septage plume” 
assumption proved to be a less-good match for actual field data. 

o  
o The current MODFLOW-NWT flow field (v253) used lower recharge (derived from a newer Soil-

Water Balance [SWB]) simulation of Thurston County built by Keta Waters (see Massmann and 
Massmann, 2021). Hydraulic conductivities in the study area calibrated using the v253 flow field were 
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lower than hydraulic conductivities in earlier MODFLOW-NWT versions of the county model. The 
generalized effect of this was that solute transport distances were lower, and simulated concentrations 
were higher near source areas, at many model cells corresponding to sampled wells. This was 
interpreted to indicate that less dilution of OSS sources was simulated. In general, this “lower-recharge, 
slower-moving and more concentrated septage plume” assumption proved to be a better match for 
actual field data (albeit with a multiplier of 1.41 still required to best-fit actual groundwater sample 
data).  
 

 
• The MT3D-USGS transport modeling assumed a single constant start date for all OSS loading. The 

groundwater sample data were compared with model results at a simulation time of 14,600 days (about 40 
years’ simulated time, or a source start date of about 1983 from the present [April 2023]). That simulation start 
was chosen because the OSS buildout ages peaked in about 1980-1985 (see the histogram in Figure 10). Of the 
11,577 OSS counted in the study area, initial buildout dates were approximated for 10,541 systems (about 
91%). However, numerous systems were installed before and after this peak, and many systems were installed 
before modern permit requirements. Additionally, this method used tax record occupancy dates, that assume 
the septic system began operating immediately after the construction permit was issued. Thus, the timing of the 
peak concentration at each sampled well may vary considerably from the 40-year assumption. These 
uncertainties are additive to those introduced by numerous flow and transport model uncertainties for large 
areas such as the Tri Lakes study area.  
 

• Numerous factors affect output concentrations of contaminants simulated by a numerical model. The 
proportions of contribution from any specific source type must be interpreted with caution. This study tested 
the effects of OSS/septic systems – one important class of sources. However, other sources exist that were not 
studied. Their contribution to actual detected concentrations is unknown. Additional work would be required to 
clarify the relative contributions of other possible source types.  

 
Findings 
 

1. The results of this project indicate the initial source delineations and modeling were largely correct: 
significant groundwater contamination does exist in the Tri Lakes area, and is likely related to OSS, but 
that other sources likely contribute to both modeled and sampled contaminants. However, modeling 
underestimated actual nitrate concentrations using best assumptions. 
 

2. Twenty-eight of the fifty-nine sampled wells (47%) had nitrate-nitrogen results greater than or equal to the 
early warning level of 2.0 mg/L. This suggests and confirms that nitrate/nitrogen is a contaminant of concern in 
the Tri Lakes groundwater area.  

 
3. Only one well (a monitoring well), exceeded the nitrate-nitrogen MCL.  The area of that well is entirely served 

by OSS and this is thought to be the source.  However, since the well is not being used for potable water, no 
investigation was conducted.   

 
4. Nine wells exceeded the TRIGGER for additional monitoring.  Since the TRIGGER only applies to public 

water supplies, only one Public B system was in exceedance. The project team notified the county’s drinking 
water program leader to inform her of this exceedance as Thurston County regulates Group B water systems.  
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5. Three wells exceeded the critical action level which generally triggers additional sampling and investigation of 
the scope of the problem and a corrective action plan. Initial owner/resident notifications were made. 

 
6. Numerous CECs were detected in groundwater samples, suggesting the need for follow-up. 

Pesticides/herbicides, Industrial chemicals, Commercial chemicals, pharmaceuticals and Food additives were 
all detected, some in numerous wells. 

 
7. One domestic well and three monitoring wells contained Total Coliform, but only one well was positive for E. 

coli (that owner was notified).  
 

8. Groundwater flow and transport provided a useful prediction of expected three-dimensional concentrations of a 
conservative (i.e., non-reactive) tracer across the entire study area, when compared with Nitrate (as N) 
concentrations at sampled wells. 

 
9. Sucralose emerged as a likely near-ubiquitous substance closely tied to OSS wastewater. Because of its 

ubiquity, sucralose may be a useful tracer and marker for human-derived wastewater loading.  
 
 

10. Surface water samples’ analysis result patterns were dissimilar from those of the groundwater samples, 
suggesting differing sources and dissimilar conceptual transport models. 
 

11. This work helps fulfill the objectives of the 1990 Sewerage General Plan for follow-up analysis of the 
consequences of OSS wastewater loading densities that were in use at the time of that plan.  
 

12. Modeling supports the hypothesis that reductions in allowable OSS wastewater loading densities 
implemented in the mid-1990s have improved groundwater quality when compared with those of the 
mid-1980s OSS construction peak. 
 

13. Detections of nitrate and CECs below confining layers (typically either Vashon till or Kitsap Formation) 
indicate that these confining layers are allowing downward movement of contamination, over the 
timescale of decades. Model results confirm the predictable nature of contaminant movement deep in 
the aquifers, despite the presence of low-conductivity layers and strong vertical anisotropy identified in 
the flow model. 
 

14. Strong downward hydraulic gradients exist in most parts of the study area, increased in part by heavy deeper 
groundwater pumping. Downward gradients are an important reason why vertical movement is occurring 
despite low-conductivity layer properties such as high vertical anisotropy (i.e., Kv << Kh).  
 

15. Long-duration source persistence contributes to deeper contaminant concentrations. OSS systems have existed 
in-place in the study area, most of them for decades. 

 
Assumptions, Limitations and Uncertainties 
 
In addition to the uncertainties noted above: 
 

1. To quantitively assess human health risk, additional analysis for CECs would be required using USEPA and 
DOE/DOH-approved methods, with full Quality Assurance and calibration standards.  
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2. Multiple assumptions, limitations and uncertainties exist; some of these – but not all - are noted in the 
text, figures, tables, and appendices referenced above. 

3. The proportions of actual sources to the detected groundwater concentrations are unknown. This study 
focused on only one source type – but many other causes probably also affect the concentrations 
detected; their proportions are unknown and were not simulated herein. 

4. Significant heterogeneity exists in the study area that was not evaluated. 
5. Several outcomes of the regularization approach used in this study (the summation of recharge and mass 

by equally sized model cells) are important: 
a. Nitrate is assumed to be evenly mixed across the entire model cell.  
b. The scale of the model grid is useful for averaging location and concentration uncertainties, 

including the averaging of location errors, so that complete mixing is a useful simplifying 
assumption.  

c. At the site scale, the assumption of complete mixing often breaks down. Nitrate in seepage may 
reach much higher or lower concentrations than calculated by following preferential transport 
pathways. 

d. The initial concentrations calculated from wastewater loadings are almost always higher than 
actual groundwater sample concentrations - from either drinking water supply wells or 
monitoring wells. Groundwater advection alone mixes flowing groundwater with wastewater, 
causing substantial dilution. Recharge occurring along the contaminant travel path further 
dilutes concentrations. Diffusion compounds these differences. 

2. Atmospheric nitrogen contributes a small amount to the total nitrogen analysis result (usually less than 
0.7 mg/L). 

3. Precise locations for wastewater loading were not always known – and documentation of many systems’ 
installation details/locations is not easily obtainable. The aggregation by model cell (200x200feet) 
probably smooths some of this location uncertainty. 

4. The default concentration of nitrate in wastewater reaching the groundwater surface (60 mg/L) is based 
on considerable research. However, by policy in Thurston County it is held as a constant - and was held 
constant in the MT3D-USGS solute transport modeling. The 40% average difference between modeled 
and sampled nitrate suggests that other sources may exist – or that source concentrations need further 
evaluation. 

5. Work by the USGS (Rosen, et al, 2005) indicates that the nitrate concentrations from OSS built from the 
1970s – early 1990s  may be higher than this default value - and the range of concentrations may be 
large. Thurston County Health Department data suggest that OSS designed and installed after the 1995 
Sanitary Code update are significantly more effective than older systems at nitrogen removal. 

6. For this study, the Thurston County Environmental Health default-policy value of 60 mg/L was used; 
this concentration would benefit from further research. 

7. Study findings are valuable for regional assessment, not site-specific evaluations. 
8. Study findings are NOT appropriate for the enforcement of regulations. 
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Snohomish County DCNR SWM (Jennifer Oden)
Comments on Draft Aquatic Plant and Algae Management General Permit 

Jennifer Oden, Snohomish County SWM 

Fact Sheet Comments 
Pg 8 – missing explanation of 2025 EPA vs. SF ruling. Just one sentence in current draft, "Add
explanation of 2025 EPA vs. SF ruling." 
Pg 35-36 – example treatment area graphics are just a blue box – not sure if this a pdf download
issue but could be an issue for others. 

Draft Aquatic Plant and Algae Management General Permit Comments 

Section S2.A.2 Who May Obtain Permit Coverage 
Why are phosphorus products "discharged", and herbicides "applied"? Both are chemicals that can
be liquid or solid. 

Who is the "discharger"? Is this the same as applicator or sponsor? 

Section S3.B Temporary Exceedance of Water Quality Standards 
This section only references pesticide applications as allowable to temporarily exceed standards.
Does this infer that other products covered under this permit are not allowed the same temporary
exceedance? 

Table 3 
Alum (Aluminum sulfate and Sodium Aluminate) and Calcium Products – What is a range finding
test? What are we testing for pH? Is this different than a jar test? Currently, jar tests are specifically
used to determine impacts to the lake pH based on lake conditions at the time of the treatment with
the chemicals that are delivered. If the treatment is using a buffer, then the ratio of alum to buffer is
also verified based on the lake conditions at the time of treatment. This test is not used to calculate a
dose for treatment. This is done well in advance of the treatment. 

There are different pH ranges for Phosphorus Control Products in Table 3? Alum 6-8.5 and calcium
is 6-9. There are no pH range requirements for lanthanum products, but pH monitoring is required
in the monitoring section (S6) for these products. Make pH ranges and requirements consistent
across document. 

Section S5.F Fish Hatcheries 
The table numbers referenced in this section are incorrect. 

Section S6.A.1 High Risk Periods (for Application of Herbicides and Algaecides) 
The draft language defines a high-risk period as water temperature at or above 15C (or 59F) and
dissolved oxygen thresholds of 7mg/L and 9 mg/L. 9 mg/L will be difficult to obtain in high water
temperatures. Where did these thresholds come from? This would classify the entire growing
season for aquatic plants as high risk (May – September/October). If the risk is treatment during
really high temperature events – then increase the temperature threshold to something more



reasonable. Also, section S3B allows for temporary "exceedances", and this section does not. 

Section S6.B Application of Phosphorus Control Products 

S6.B.1.d Clarify wording in to match Table 5 - three sampling events within three months of
treatment are required to determine pre-treatment conditions 

Table 5 – these monitoring requirements are specific to Alum. Add additional tables for monitoring
requirements for other Phosphorous Control Products based on their active ingredients. 

S6.B.2.a Range Finding Testing – A day-of treatment pre-treatment test is inappropriate to use to
calculate the dose of the treatment. Dosing for a treatment is calculated well in advance. 

S6.B.2.c Parameters collected as samples for later analysis 
The draft language states this will be done to determine the pre- and post- treatment concentrations
and assess aluminum toxicity thresholds. Need to define "aluminum toxicity thresholds" in permit.
How does sulfate help determine aluminum toxicity thresholds? How is dissolved aluminum used
in the current aluminum toxicity calculator to determine thresholds? What are the criteria for
sulfate? 

S6.B.2.d pH monitoring during treatment 
The draft language states to analyze for alkalinity and take "immediate" steps to increase pH.
Alkalinity is a lab analyses and will take at the least a few days for results. This parameter is not
appropriate if intended to be used to make immediate decisions. 

S6.B.5.a Reporting Phosphorus Control Monitoring Data 
Lab data may not be reported and assessed for quality control within 30 days of sampling. This time
frame should be longer. 

Please clarify "data used to estimate alum (or other P control chemical) doses." Do you want the
Algae Control Plan or similar report with the dosing calculations? Raw lab data? Sediment core
data? Also "P control" should be spelled out to be consistent with the rest of the document. 

This section also references jar tests, but previous sections reference "range finding" tests. Please
clarify. 



Northwest Aquatic Management, LLC (Kyle Steelhammer)
The attached files were submitted by Jeff Tepper earlier in 2025. We have been working with Jeff
for several years in regard to ZV Iron and its effectiveness in Lakes and agree with his findings and
supported documentation.



October 2025 

Kyle Steelhammer, President/Owner 

Northwest Aquatic Management, LLC 

 

Suggestions for Revisions to APAM Guidelines for use of ZVI in Lakes 

The current APAM permit guidelines for ZVI state: Do not apply where anoxic conditions (zero percent 

dissolved oxygen) may occur, including anoxic conditions created by applications of herbicide and 

algaecide. 

I would like to suggest that the “do not apply” guideline be modified simply to state that ZVI may be 

less effective where conditions are [strongly] reducing. In addition, “zero percent dissolved oxygen” is 

not a reliable measure of whether ZVI will be effective and should be replaced with an alternative that 

is both easier to measure accurately and more indicative of redox conditions that are likely to exist in 

bottom waters.  Both recommendations are explained in more detail below. 

It is widely accepted that ZVI does not pose an ecological threat: the 2017 Washington State EIS 

states that iron is limited in solubility, inert, and non-reactive, and that there are “no toxicity concerns”.  

Instead, the concerns are that: (1) sequestered P may be released if the Fe dissolves under reducing 

conditions, and (2) that Fe is also a nutrient and has the potential to enhance CAB blooms.  The EIS 

cites Cooke and Kennedy (1981) for concerns about P release under anoxic conditions, but this 

report does not actually contain any data on the topic: it focuses primarily on alum and includes only 

two lakes where iron was applied.  For both of those lakes the study reports “no data” on the 

effectiveness or side-effects of the treatment.  The bottom line: we should be relying on more recent 

studies with regard to P release under “anoxic” conditions. 

I have attached a separate document I wrote last year that summarizes how redox conditions control 

the behavior of Fe in lacustrine systems, and there are three key points.  The first is that iron does 

not cease to be effective for P sequestration simply because DO is low (or even zero).  As 

conditions become progressively more reducing the proportion of iron that remains Fe3+ (insoluble) 

will decrease, but only under strongly reducing situations will it disappear entirely.  In the vast majority 

of cases a portion iron will remain as Fe3+ and continue to bind P.  This is the reason for the widely 

accepted simple rule that Fe “is able to bind more or less permanently an amount of phosphorus 

equivalent to 10% or less of its own weight” (Scheffer, Ecology of Shallow Lakes, p. 54).  In other 

words, in lakes with sediment Fe/P > 10, even after some dissolution has occurred, enough insoluble 

Fe3+ will remain to bind the P.  

The second point is that low DO is not a reliable indicator of Fe dissolution. DO acts as a buffer – 

as long as any is present, even 0.01 ppm – the system will be strongly oxidizing and all Fe will be 

present as insoluble Fe3+.  Over time, DO within the sediment column or hypolimnion will be 

consumed as organic C is converted to CO2. After all the DO is gone a sequence of other redox 

reactions will occur and this will eventually lead to Fe3+ being reduced to Fe2+ as explained in more 

detail in the accompanying document.  It is possible to measure the redox state (ORP, or oxidation-

reduction potential) directly, and this would tell us the extent to which Fe is soluble, but in my 

experience ORP probes are finicky and tend to equilibrate slowly, so I don’t think they are widely used 

by consultants. Conversely, DO is easy to measure, but without tedious calibration of the probe it’s 



hard to obtain precise results at low (<0.5 ppm?) concentrations.  To get around this problem some 

consultants arbitrarily define 2 ppm DO as the “anoxic” limit below which Fe will dissolve, but this is 

misleading and greatly exaggerates the “no ZVI zone”.  I suggest in the accompanying document 

some options for using routinely-measured water chemistry parameters to more accurately assess Fe 

solubility. 

The third point is that Fe dissolution and accompanying P release does not necessarily lead to 

increased SRP.  It is important to understand what happens to these elements after they are 

returned to the water column, and Spanaway Lake provides an excellent example.  There is no 

question in this case that Fe and P (and Mn, etc.) are being released from the sediment into the 

hypolimnion: this is clearly seen in data from multiple researchers including Will Hobbs.  However, all 

of these studies have also found that SRP is consistently very low (generally < 10 ppb).  Why?  

Because even in the summer months the hypolimnion contains some DO, and this causes the 

dissolved Fe to oxidize and precipitate as minute colloidal articles that very efficiently scavenge P 

from the water and then settle to the bottom.  One result of this is iron enrichment at the sediment-

water interface, a feature of every lake sediment core I have ever analyzed and a sign this process is 

common.  The scavenging process does appear to be more efficient at Spanaway than at other lakes 

in the region, and this is probably because the sediment there naturally has a very high Fe content.  

For full disclosure, it has alternatively been suggested that the low SRP is a result of uptake by 

cyanobacteria that migrate downward to “feed”, but there is no evidence to support this and no 

explanation for why this should happen at Spanaway but not other lakes.            

In the interest of getting these main ideas to you quickly I am not aiming to summarize the relevant 

ZVI literature in this letter, except to say that a lot has been published in the last 15 years.  The work 

ranges from benchtop lab tests to mesocosm experiments to whole-lake manipulations, so there is 

much to draw from in moving beyond Cooke and Kennedy (1981).  As you know, our “experiment” at 

Lake Steilacoom is ongoing and nothing has been formally published, but it has been successful thus 

far in preventing HAB and I think illustrates clearly that ZVI works in lakes where anoxia is not 

present.  I’m not sure what kind of literature summary you would need if there are going to be 

revisions to the ZVI guidelines, or when you would need it, but please let me know if I can help in that 

regard.  And I think your earlier suggestion of putting together a working group is a great idea; there is 

a lot of information “out there” and it comes from multiple disciplines, so having a team with mixed 

expertise would make it much easier to synthesize the relevant studies.     



October 2025 

Kyle Steelhammer, President/Owner 

Northwest Aquatic Management, LLC 

 

References Relating to the Effectiveness of ZVI Under “Anoxic” Conditions 

The main concern with regard to application of ZVI to lakes is whether it remains effective in situations 
where the bottom waters are anoxic during at least a portion of the year.  This document is a brief 
compilation of published studies that bear on that question.  These studies document three reasons 
why ZVI can remain an effective P sequestrant even under anoxic conditions: 

(1) a proportion of the total iron in sediment remains ferric even after all dissolved oxygen is 
consumed, and this iron will continue to bind P 

(2) ferrous iron released by dissolution will combine with phosphate in the sediment to form vivianite, 
an insoluble mineral stable in the sediment column 

(3) reducing conditions in sediment can cause release of SRP, but if ferrous iron is also released 
the two ions will combine in the water column and reprecipitate, a geochemical cycle that 
prevents SRP from reaching the epilimnion    

 
Scheffer, M. (1998) Ecology of Shallow Lakes.  Kluwer Academic Publishers, 357 pages.  ISBN 1-4020-
2306-5. 

Scheffer reports that the concentration of P in the water of shallow lakes shows little or no correlation 
with the P content of the sediment, but instead “correlates well” with its Fe:P ratio.  He proposes a 
“simple rule” that in lakes where the sediment has Fe:P > 10 (on a weight percent basis), the iron is 
able to bind the P “more or less permanently”.  Scheffer cites several field-based studies that support 
this idea, and I would add that it is consistent with what we know about the redox behavior of Fe.  
Specifically, some percentage of the total Fe in sediment will remain in the Fe3+ state even when 
conditions are anoxic and thus, where Fe/P>10, there is usually enough Fe3+ to sequester the P.  
Adding ZVI only helps in this case.  

 
Orihel, D. M., et al. (2016) Experimental iron amendment suppresses toxic cyanobacteria in a 
hypereutrophic lake, Ecological Applications, v. 26, no.5, p 1517-1534.   

This experiment at a hypereutrophic Canadian lake involved 12 in situ mesocosms that received 
varying doses of Fe (2 – 225 g/m2). Iron amendment decreased the P content of porewaters and the 
flux of P from sediments, lowering P concentrations in the water column by up to 72%. Iron 
application also had significant dose-dependent negative effects on the biomass of phytoplankton 
and periphyton, reduced the dominance of cyanobacteria, and even at the lowest doses appeared 
to reduce the toxicity of cyanobacterial blooms, as measured by the concentrations of microcystins.    

 
Kleeberg, A., et al., (2013) Redox sensitivity of iron in phosphorus binding does not impede lake 
restoration, Water Research, v. 47, no. 3, p. 1491-1502. 

This study evaluated the long-term results of Fe application 19 years after the original treatment.  
They found that Fe had become concentrated at the sediment-water interface, creating a “dynamic 
P trap” with Fe:P ~7.  While this was not sufficient to prevent all sediment P release, they concluded 
that P release was not relevant for the P supply to the epilimnion, because most SRP was co-
precipitated by Fe that had accumulated concurrently in the hypolimnion.  They suggest long-term 
control of P release can be achieved if Fe level is >200 g/m2.  I would add that this co-precipitation 
process is exactly what Will Hobbs’ data suggest is taking place at Spanaway Lake, where 
hypolimnion Fe levels are above saturation, but SRP levels are very low.  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/epilimnion


 
Natarajan P., Gulliver, J.S., and Arnold, W.A. (2021) Iron filings application to reduce lake sediment 
phosphorus release, Lake and Reservoir Management, v. 27, p143–159. 

This was a laboratory study in which P release was measured on lake sediment cores that had been 
amended with 0.01 – 1.0 g/cm2 of powdered Fe and then monitored under both oxic and anoxic 
conditions.  In the oxic experiments no P release was detected and that was to be expected, but the 
same was also true for anoxic experiments that had Fe>0.1 g/cm2.  My comment: this is experimental 
confirmation that ZVI is effective under anoxic conditions as long as the Fe:P ratio is high enough. 
 

Gachter, R., and Muller, B. (2003) Why the phosphorus retention of lakes does not necessarily depend 
on the oxygen supply to their sediment surface. Limnology and Oceanography, v. 48, no. 2, p. 929–
933. 

This brief paper eloquently explains how under reducing conditions dissolution of ferric oxides (and 
accompanying P release) leads to formation of insoluble Fe-phosphate minerals such as vivianite.  
Only if conditions are strongly reducing and sulfur is abundant (leading to pyrite formation and thus 
no Fe to bind P) will P release occur.  Otherwise the dissolution of Fe oxides does not promote 
internal P loading of a lake.      

 
Rothe, M., et al. (2013) Evidence for vivianite formation and its contribution to long-term phosphorus 
retention in a recent lake sediment: a novel analytical approach, Biogeosciences, v. 11, p. 5169–5180. 

Analysis of sediment cores from a Swiss lake that was treated with iron over 20 years earlier showed 
that the Fe addition had resulted in formation of the Fe-phosphate mineral vivianite, which is stable 
under reducing conditions and highly insoluble.  As sediment accumulated, the original Fe3+-oxide 
minerals were buried and dissolved, providing the iron needed to bind P as vivianite.  My comment: 
this demonstrates that reduction and dissolution of ferric oxide minerals does not necessarily lead to 
P release.  On the contrary, the added iron enhances long-term storage of P as Fe-phosphate 
minerals.  

 

A separate concern noted in the 2017 Supplemental EIS, Section 4.8.2.3, and based on a study by 
Molot et al. (2014) is that Fe additions could fuel enhanced cyanobacteria growth.  More recently, Orihel 
et al. (2016) note that, while this is true for marine ecosystems, there is “no evidence that Fe controls 
primary productivity at the ecosystem level in freshwaters.”  My comment: the solubility of Fe in oxic 
waters is extremely low and thus it is highly improbable that Fe is the biolimiting element is the photic 
zone of any local lake.  Fe levels in an anoxic hypolimnion would be higher but I am not aware of any 
data that establish this as a cause of HAB. 

Closing comment:  Several studies note that Fe also has bactericidal benefits, either by killing CAB 
during their dormant stage in the sediment, or by reducing their production of microcystins. This is 
outside my area of expertise and thus not mentioned above, but there may be others who can comment 
on these studies.  
 

Compiled and summarized by Jeff Tepper; 12 July 2025. 



Ronda Larson Kramer
I appreciate the improvements to permitting over the past four years in terms of being science-based
and protective of aquatic life. But I would urge you to add a requirement for Ecology limnology and
biological experts to review site specific information about the water body in question before
issuing individual permits.



Author: Ryan Van Goethem, CLM - EutroPHIX 

Document 
Location 

Language Identified Public comment 

Though-out Section headings Various references to sections through out are out of date 
for new version, please double-check before final version 

S3.D.3, pg 12 Mitigation measures for 
303d listed for phosphorus 

We recommend adding a mitigation measure of 
supplementing herbicide treatment with phosphorus 
control products to oƯset or bind released P following 
control of plants or algae. 

S3.E, pg 13 Identified Wetlands Wetlands can be significant phosphorus sources impairing 
the water quality of lakes. Specifically these areas generate 
a large amount of organic matter (organic bound P) and in 
conjunction with dense emergent vegetation can promote 
anoxic conditions and enhance sediment P release. 
Current permit language indicates phosphorus control 
products are covered for use across the whole waterbody 
(S1.A.5).  
 
We recommend adding specific language here allowing use 
of phosphorus control products in wetland areas. 
Application may occur with limited disturbance in the 
treatment area to protect native wetland vegetation.  
 
Examples of limited disturbance would be to apply 
phosphorus control products during fall-spring before 
emergent vegetation developed and/or by using airboats or 
drones. 
 

S4D.6.a.ii, pg 
20 

Algaecide Restrictions Whole waterbody applications of algaecides are being held 
to the threshold of the post treatment DO not falling 
0.2mg/L below pre-treatment thresholds. 1) This is too 
narrow of a range that will likely provide a high degree of 
false positives from daily changes in DO levels relative to 
light/temperature  2) unrealistic as primary production 
rates will decrease while similar ecosystem respiration 
rates are still present, and 3) overly protective for high 
dissolved oxygen conditions. We find S4D.6.b is suƯicient 
and reasonable for alternative actions. 
 
We suggest Ecology re-evaluate this restriction on whole 
water body applications. Our suggested change would be 
to altering text to the post-treatment dissolved oxygen level 
must not be lower than 2.0 mg/L below the mandatory 
single pre-treatment measurement or the average of 
multiple pre-treatment measurements. Post-treatment 
dissolved oxygen must also stay at 7.0 mg/L or above.  
 
This section and S6.A.1 are overlapping for algaecides with 
diƯerence requirements. Suggest combining this into one 
cohesive section as a treatment restriction or as a 
monitoring requirement.  



Table 3, pg 27 Specific restrictions for 
Alum 

Please clarify the range-finding test must be completed 
prior to whole or partial lake treatments. This improves 
parity with monitoring section 

Table 3, pg 27 Treatment Limitations for 
Alum and Calcium 
products 

Questions may have been brought up to Ecology as to why 
there are diƯering pH ranges for Alum and Calcium 
products and to make them the same for both. We believe 
no changes are needed and they are appropriate for each 
chemistry. For both chemistries the low pH of 6 range is 
protective of aquatic life. For Alum the high pH range up to 
8.5 protects aquatic life from pH conditions >8.5 that 
cause dissolved aluminum during application. The high pH 
of 9 for calcium products is the water quality standard 
meant for protecting aquatic life.  

Table 3, pg 27 iron-bound lanthanum Category name should be defined as “Iron-coated 
lanthanum” to match the SEIS with the technical properties 
and evaluation of the chemistry. “Iron bound” has a 
significantly diƯerent meaning.  

S6.A.1, pg 35 High Risk Periods 1. The naming of this section does not conform to the 
description of “neglible risk” that is determined by 
FIFRA and product approval processes. Pesticide 
products approved by the EPA when used 
according to label provide a negligible risk to 
humans and the environment. A change to the 
name of this section is needed to adequately 
describe risk. One suggested section heading 
would be “Potential Risk Periods”. 

2. 15 C is too low, 25 C water temperature would be 
more appropriate trigger point. 

S6.B.1.e, pg 36 Application of P 
sequestration Control 
Products 

As written Table 5 monitoring would be for any NOI that 
applies to all phosphorus control products. This includes 
extensive monitoring specific to alum which adds large 
quantities of aluminum and sulfate to a water body. This 
does not occur with Lanthanum, iron, or calcium products.  
The current language as written would actually create more 
monitoring parameters for the use La and Fe products than 
aluminum products as they have to monitor aluminum 
related parameters along with total iron and/or lanthanum. 
It is undue to require this level of monitoring that is 
unrelated to application of La, Fe, Ca compounds.  It is not 
clear if this was the intent of Ecology for the draft permit.  
 
We recommend making Table 5 specific to aluminum 
monitoring , and use additional tables or text of S6.B.3-4 for 
monitoring specific to La, Fe, and Ca products.  

Table 5, pg 37 Table Title & Location Suggest making table 5 specific to Alum monitoring. Move 
within that section 

S6.B.3, pg 38 Table specific to 
monitoring Lanthanum or 
iron products is not 
reported in draft 

Please create a separate table for monitoring requirements 
for these chemistries.  
 
For all timepoints we suggest parameters of pH, temp, 
conductivity, DO, Total La or Total Iron.  
 



We suggest DOC and Hardness only on pre-treatment 
event which is useful for dosing evaluation.  
 
We recommend limiting monitoring timepoints to only pre-
treatment, day after treatment, and 2 - 4 weeks post 
treatment. 
 
There is significant scientific literature available describing 
lanthanum residuals in the water column across water 
chemistry types. We do not feel that extensive lanthanum 
monitoring is required post application due to the existing 
literature indicating strong declines in total lanthanum 
following treatments.   
 
Spears, B. M., Lürling, M., Yasseri, S., Castro-Castellon, A. 
T., Gibbs, M., Meis, S., ... & Van Oosterhout, F. (2013). Lake 
responses following lanthanum-modified bentonite clay 
(Phoslock®) application: an analysis of water column 
lanthanum data from 16 case study lakes. Water 
Research, 47(15), 5930-5942. 
 
van Oosterhout, F., Waajen, G., Yasseri, S., Marinho, M. M., 
Noyma, N. P., Mucci, M., ... & Lürling, M. (2020). 
Lanthanum in Water, Sediment, Macrophytes and 
chironomid larvae following application of Lanthanum 
modified bentonite to lake Rauwbraken (The 
Netherlands). Science of the Total Environment, 706, 
135188. 

S6.B.4, pg 39 Calcium product 
monitoring requirements 

Recommend adding water column monitoring 
requirements of pH, temp, conductivity, DO like other 
chemistries for timepoints listed. 
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