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TMDL Strategy

TMDL Model
&
Recommendations
TMDL Leads Watershed Coordinators
"Develop & Guide H “Provide Support through
Implementation Plans” watershed Planning Process”

Point Source Controls (WLA)
Permit Requirements

Non-point Source Controls (LA)
Non-point Source Plans

TMDL Effectiveness Monitoring




Goals

1) Summarize and link watershed-based
cleanup efforts to changes in stream habitat
and biological communities.

2) Distinguish between natural and
anthropogenic variability that affect changes
in biological communities over time.

3) Link biological community composition with
WQ.



Study Design

Select stations that will likely respond to
upstream clean-up efforts.

Collect macroinvertbrates, periphyton,
chemical and habitat parameters.

Two years of baseline data (2009-2010)

Return to collect two years of post
implementation data (2012-201377).



Site Selection

* Sampling stations based on current 303(d)
isted segments.

* Results from TMDL.
* Landscape Development Intensity Analysis




Landscape Development Intensity Index

The LDl is a land use based index of potential human
disturbance.

It is calculated spatially based on energy coefficients
applied to land uses within watersheds.

Development intensity factors are a function of the
non-renewable energy use per unit area of land use.

All non-renewable energies including electricity, fuels,
fertilizers, pesticides.



Land Use Non Renewable Empower Density LDI Coefficients

(E14 sej/ha/yr)
Natural System 0.00 0.00
Pine Plantation 5.10 1.58
Recreational / Open Space (Low-intensity) 6.55 1.83
Woodland Pasture (with livestock) 8.00 2.02
Pasture (without livestock) 17.20 2.77
Low Intensity Pasture (with livestock) 33.31 3.41
High Intensity Pasture (with livestock 46.74 3.74
Row crops 107.13 4.54
Single Family Residential (Low-density) 1,077.00 6.79
Recreational / Open Space (High-intensity) 1,230.00 6.92
Single Family Residential (High-density) 2,371.80 7.55
Highway (2 lane) 3,080.00 7.81
Low Intensity Commercial 3,758.00 8.00
Industrial (commercial ,mining) 5,210.60 8.32
Multi-family Residential (High rise) 12,825.00 9.19

Central Business District (Average 4 stories) 29,401.30 10.00



0-2.00 Low Impact

Nearly Pristine conditions

2.01-5.50 Medium Impact

Low Intensity Residential /Agricultural

5.51-10.00 High Impact

Urban
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Natural System 0.00 1.00
Pine Plantation 5.10 1.58
ional / Open Space (Low-intensity) 655 1.83
Woodland Pasture (with livestock) 8.00 2.02
Pasture (without livestock) 17.20 2.77
Low Intensity Pasture (with livestock) 3331 3.41
High Intensity Pasture (with livestock 46.74 3.74
Row crops 107.13 4.54
Single Family Residential (Low-density) 1,077.00 6.79
Recreational / Open Space (High-intensity) 1,230.00 6.92
Single Family Residential (High-density) 2,371.80 7.55
Highway (2 lane) 3,080.00 7.81
Low Intensity Commercial 3,758.00 8.00
Industrial (commercial ,mining) 5,210.60 8.32
Multi-family Residential (High rise) 12,825.00 9.19
Central Business District (Average 4 stories) 29,401.30 10.00
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Potential Reference Site Candidate Areas for WRIA 13 Tummwater HUC 6 Catchment
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Habitat Parameters

Substrate size
Canopy cover
Width/depth
Slope

Stream bank cover
Discharge

EICINEGES

Chemical Parameters

DO

pH

Conductivity

Temp (continuous)
Nutrients (some stations)



Biological Monitoring

Periphyton
* Diatoms/algae
 Cosmopolitan

e Communities similar
world wide




Biological Monitoring

Macroinvertebrates
* Mayflies, stoneflies, etc.
* More regionally specific

* Good regional models
useful for WQ standards

e Used statewide as WQ
indicator




Preliminary Results

Similarity Analysis
* Groups sites based on species composition

* Does not include species abundance (yet!).
* |tis the first step in a long statistical process.
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What does it all mean?

RM 0.5 (Tumwater) had the most dissimilar
macroinvertebrate and periphyton
communities when compared to rest of

stations

All of our “least impact” stations (LDI based)
group in the same category for periphtyon

3 of 4 for macroinvertebrates
RM 6.8 and 12.1 group similar for both



What does it all mean?

downstream

Longitudinal distance downstream from Deschutes falls (km)

m— Base Case WQSs
SCEN1: mature veg SCEN2: mat veg + microclimate
— — — - SCEN3A: S2+NSDZ,WW<30m — - — - - SCEN3B: S2+NSDZ,WW<20m
— - - — - SCEN3C: S3B+NSDZ,WW-10% SCEN3D: S3B+BotW-10%
SCEN4B: S3C+HW,tribs<WQS SCEN5A: S4B+7Q10B




Next Steps

* Perform analysis with other data to determine
what driving community structure.

— Compare with habitat, hydrograph, chemistry,
land use

— Compare with least impacted areas to determine
anthropogenic impacts (based on LDI scores)

 What does the data say about water quality?



What do Metrics Say About WQ?
e response |pescrption

% Obligate Nitrogen-Heterotrophs + Taxa require continuous elevated
concentrations of organically
bound nitrogen, increases with
severe organic enrichment.

% Nitzschia individuals Generally increases in response to
nutrient enrichment,
sedimentation or salinity

% Encyonema individuals Decrease in response to nutrients
% Acidobiontic Diatoms mainly occur in waters pH

<5.5, increases in response to acid-
mine drainage

% Oligosaprobous Taxa mainly occur in waters with
dissolved oxygen sat. >85% and
BOD <2 mg/L, decreases with
inorganic and organic nutrient
enrichment




Table A — Periphtyon metrics and their expected response to environmental stress. + = respond positively to stress, - = respond negatively to stess, V =
variable response to shress.

Motrio Referanoce Recponce Decoription
Taxonomlo Compocition
% Achnanthes / (Achnanthes + Navicwa) 20 - Decreazes In reporze to stress (the ratio reduces the taxonomic variance of the Achnanthes mewric)
% Cymbeiia / (Cymbeila + Navicu'a) 30 - Decreacses In reponse (o stress (e ratio reduces the taxonomic variance of the Cymbelia metric)
% Dominant species s - NCcreazes in response 10 sess, particularty nutrient encichment, toxic substances and sedimentstion
% Achnanthes Indvicuais 5,15,1828,30 v Generally decreases In response 0 stress, though some taxa may horease w th nutrient enrichment
% Amphora ndvidusis 1628 v May Increaze in response o nutrients or mesal toxicly
% Cocconels ndividuaiz 12,18 2830 v Generally decrease In response to stress, though some taxa may Ncrease In response to nutrients or metal toxicRy
% Cycioteila Individuals 56,1830 v Varabie rezponse o stress. Some taxa Increase in response to nutrients or salinity
% Cymbella ndividuds 12,18,2028.30 - Generally decreases In response 10 stress, commonty found on coarse substrates
% Cymatoplewra Indiidusis 3 - Generally Increases n response 0 sedimentation
% DVafoma Indviduais 1828 v May increase in response o nutrients or metal soxicty
% Encyonema Individuals 18 - Decreaze In responze to nutrients
% Epithemya Individuais s, 18 - Nrogen-awtotrophs decrease in response 10 organic nutienrt enrichment
% Eunctia Individusis 5,15,18,15,28,29 v NCcreazes In response 1o Mmetais VxicRy or periodic drying, conmonly Tound In low pH Mutrient-poor w ters, Moy decrasse w th nutrk
% Frogilaria Indviduais €9,12,18.320 - Generally decreases In rezponse 0 stress
% Frustulia ndvicusis 1€,12,20.25,30 v Generally decreases In response 10 stress, though some taxa may horease w th metals toxicity
% Gomphonema ndviduais 6,9,12,1€,18,28.30 v Generally decreases in response 10 stress, though Some [axa may horease w th nutrient enrichment or sedimentaton
% Gyrosigma ndviduals 6,16,12 - Generally InCreases in response 10 muerent enrichment or sedimentation
% Hanzsch'a individuais 1] - Generally increases n response 10 sedimentation
% Navicwa indviduals %.6,9,16,13,20.21 - Careful - large taxa group, how ever mony taxa generally Increase in response to nutrient enrichment, sedmentation or salinty
% Neigium ndviduais 28 - Increases in response to metais soxicly, conmronly found In low pH nutrient-poor w aters
% Nizschia Individusis 6.9,14,16,18,20 21 2¢ - Generally iInCreases N response 10 nutrent enrichment, sedimentation or salinity
% Finnuiaria Individuals 20 - Generally Increases n response 0 metais toxicity
% Rhoicosphenia indviduals 14,2830 - Generally iIncreases n response 10 mutrent enrichment
% Rhopalodisies (Rhopalodia + Epithemia ) b - Ntrogen-autotrophs decrease In response 1o organkc nutrient enrichment
% Rhopalodla Individuals 13 - Nrogen-autotrophs dacrease In response 1o organic nutrent enrichment
% Stencpferobla Indvidusis 6,20 - Generally Increases In response %0 sedimentation or metais SoxicRy
% Swrireila Individualz s.6,16,18 - Generally iIncrease In responze to sedimentation and pozzbly nutrients
%% Synedra ndividuals 12,1830 - Generally decreases In rezponse 10 sress
% Tabelaria NAviduas 16,18 v Some taxa nuy Increase with messls toxicly, some Increase w th nutrients
% Uothrix Incviduais s - Generally Increases n response 90 metais toxicity
% No. of Achnanthes species 20 = Generally decreases In rezponse 0 stress
% No. of Amphora species 30 May increase In response 1o nutrients or metal loxicty
% No. of Cocconeis spacies 320 - Generally decreases In response 0 sress
% No. of Cycioteila species 0 - Generally decreases In response 0 stress
% No. of Cymbela species 20 - Generally decreases in response 0 stress, commonty found On Coarse subsrates
% No. of Fragiiaria species 0 - Generaly decreases In rezponse 0 stress
% No. of Frustulls species 30 v Generally decreases in response 10 stress, though Some taxa may horease w th metals toxiclty
2% No. of Gomphonema species 20 - Generally decreases In response 0 stress
% No. of Novicula species 20 v Hghly variabie metric
% No. of Nizschia species 30 v Hghly varisdie metric
%% No. of Rhoicosphenia species 30 v May decrease In response 1o sress, hough is a highly variabie metric
% No. of Surirefia species 20 v Hghly variabie metric
% No. of Synadra species 30 - Generally decreases In response 0 stress
% Datons -3 - Reixtive abundance of distons 0 green aigae and Cyancbactenia. Generaly decines w th ncreased stress
% Green Algae 8 - Reixtive abundance of green 3igae to distons. Ncreases N response 0 stress, particularty menent and organic enrichment
%y - . Reixtive abundance of Cyanobacieris 1o datoms. Increazes In response 1o sress, particulany nutrient and organic enrichment and

foxic substances
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Table A — Periphtyon metrics and their expectad response to environmental stress, + = respond positively to stress, - = respond negatively to shess, V =
variable response to stress.

Moatrio

Metrio Rafarance Rscponce Degoription
Poliution Toleranoe
% Sensive haviduals 5524 - Decreaszes nresponse 10 sress
%% Mozt Tolerant ndvidusis 56 - ncreases in response o severe syess
% Tolerant Indiviouais 56 - ncreases In response o stress
Folution Tolerance ndex 5,24 - Decreazes nresponse 1o stress

Suabity hdex (percent araphid or non-notie
distons)

Dizturbance ndex (parcent Achnanthes
minutssimum Indhvidusis )

Heavy Metais index (percent of 18 distors
toleram 1o metals toxicty)

Sikaton hdex (percent abundance of
Oylindrotheca + Navcula + Nitzschia =
Suriralla)

pH
% Acidobiontic

% Acidophiious
% Crcurmeutral
% Alkaliphious
% ARaibiontic

2alintty

% Very Fresh (Oigohalobous )

%% Fresh (Ofgohaiobous )

% Fresh-Brackish (Ogohalobous)
% Srackzh-Fresh (Mesohakobous)
2 Srackzh (Mezohaicbous)

2% Morine (Euhaicbous)

Nitrogen-Uptake Metabollcm

%% Obigate Nerogen-Heterotrophs

2% Nitrogen Awtotrophs (high organics)
9 Facutative Nerogen-Heterotrophs
2% Nitrogen Autotrophs (low organics)

Saprobity

% Ofgozaprobous

% 0 - Mesosaprobous

% a- Mesosaprobous

2% 9 - Mesozaprobous/Folysaprobous

% Fotysaprobous

o

145612142425

16

2428
82428
24,28
55,2
24,28

2428

24,28

2428
524,22

52428

56.28

5.6.28
6,28

<

‘

Decreazes In response 10 metal toxicity, nutrient enrichment, scouring and mocroinvensbrate grazing

May Increase or decrease In response to moderste metalz toxicRy, nutrient enrichment, scouring, and grazing by
mocronvenrteorates. Values <25 ndcate 3 nomml level of disturbance, 25 %0 SO Indicate minor dsturbance, 50 1o 75 ndicate
moderste dsturbance, >75 ndcate mojor disturbance.

ncreases in response o metais toxicRy

ncreazes in response o sedimentation

Dators meinty occur n waters win pH <5.5, Increases in response to ackimine drainage

Diatoms rointy occur nw aters with pH <7, Increazes in responze to acid-mine drainage

Datome reiny occur inwaters with pHarocund 7, variabie response to stress

Oatoms mainy occur nwaters with pH»7, Increases in responze o Zak Input, high lonic strength or soll erosion
Diatorms exclusively occur In waters w th pH >7, Increases In response 10 23t iInput, high lonic strength or soll erozion

Oators meiny occur In w aters with extremely low concentrations of chiorde and sainity, decreases with high ionic strengan

Datoms mainly occur Inwaters w th chioride <100 Mgl or <0.2% sainity, decreasas w th high lonic strength

Datoms mainly oocur In waters with chionde <500 nll or <0.9% salinity, vanable response to stress

Datorrs mainty occur N 'w aters win chionde S0C-1000 np'l or 0.9-1.8% sainkty, ncreases in response 10 high lonic strength

Datoms rointy occur in'w aters w it chioride 1000-5000 ng/L or 1.2-9.0% saiinkty, Increazes n response %0 high lonic strength
Diatorrs ity occur In waters w ith chionde >5000 mplL or >5.0% zainty, Increases In response o high ionic strength

Taxa require continuous sevaiad concentrations of organically bound nitrogen, Increases w th severe arganic enrichment.
Taxa can tolerate elevated concentrations of organicaly bound nitrogen, Increases w th organic enrichment

Taxa can tolerate pariodic elevated concentrations of organically bound nitrogen, Incraases with epizodic organic enrichment
Taxa can tolerate only very smal concentrations of organically bound nitrogen, decreases with organic enrichment

Taxa muinly occur in w aters with dssolved oxygen sat. >£5% and SO0 <2 ngiL, decreases with inorganic and organic nutrient
enrichment

Taxa mainly occur In 'w aters with dssolved oxygen sat. 70-85% and BO0,™ 2-4 mp'L, variadie response, may be Indicatve of
cievated nitrates

mamw«:uhwmwm&.swwmm25-70%“500;"4-13 mp'L, variabie responze 10 Inorganic and organic
nutrient errichment, nay be indcative of slevated ammonia

Taxa muinly occur In waters with dssolved oxygen sat. 10-25% and SO0 13-22 mp/L, Increaszes with inorganic and organic
nutrient errichment, can be ndcative of sievated anmonia and zome hydrogen sulfide production

Taxa mainly occur In w aters with dissolved oxygen sat. <10% and SO0 >22 mgiL, Increases w th savere inorganic and organic
nutrient errichment, Indicatve of slevated anmonia and hydrogen sufide production
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Table & — Periphtyon metrics and their expected response to environmental shess, + = respond positively to stress, - = respond negatively to stress, V =

variable response to stress.

Metrio
1L
Motrio Referanoce SSTITIEE Decoription

Trophio Stats
% Dystrophic 2428 e Taxa tolerant to high humic or dizsolved organic carbon condtions, decreases w it Inorganic nutrient enrichment
3% Oigotraphenic 52422 - Taxa can tolerate only very small concentrations of inorganic nutrients, decreazes w kth inorganic nutrient ennchment
% Oigo-mesoctraphentic 28 - Taxa can tolerate only small concentrations of Inorganic merients, decreazes w ith inorganic nutrient enrichment
% Mesoraphentic 2428 v Taxa can tolerate moderate concentrations of Inorganic nutrients, variable response 1o Inorganic nutrient enrichment
% Meso-eutraphentic 28 v Taxa can tolerate moderate 1o high concentrations of inorganic nutrients, variabie response to inorganic nutrient enrichment
% Buraphentic £6562428 - Taxa can tolerate high concentrations of inorganic nutrients, increases In response 1o Inorganic nutrient enrichment
% Hypereutraphentic 56828 - Taxa can tolerate very high concertrations of inorganic nutrients, Increaszes in response 1o Inorganic nutrient enrichment
Molcture Content of Waterbody
% Exclusively Qutside Waterbodies 28 - Taxa mainty occur In non-aquatic envircnments, can Iincrease in response to dew aterng
%% Mainy Wet Races; Sometimes in Water 28 - Taxa moinly occur in w et and moist or temporarily dry piaces, can increase in response to dew aering
2% Many In Waterbodies; Reguiarty Wet 28 v Taxa manly occur In w Xerbodies; alzo rather reguiarty on w et and noist piaces, variabie rezponse o dew 3ering
2% Manly In Waterbodies; Sometimes Wet 28 v Taxa manly occwr In w Rerbodies; Someames on w et pisces
% Rarely Outside Waterbodies 28 v Taxa never or very rarely occur owside w alerbodes
Oxygen Requiramentc

Taxa many occur In w Xers with dssoied oxygen sat. around 10%, increaszes In response 1o nutrient and organic enrchment,
% Very Low 5828 * poszbly sedimentation

Taxa manly occur In w aters with dssolved oxygen sat. »30%, Increases In response to nutrient and organic enrichment, pozzbly
% Low 5628 -

sedimentation
% Moderate 28 v Taxa manty occur In w aters with dissolved oxygen sat >50%, variable response to stress.
= o Taxa moiny occur In w Xers with dssoied oxygen sat >75%, decreases in response 1o nutrient and organic enrichment, possibly
% Fuky Hoh 62 sedimentation
. y G628 - ma::hvoccu'nwaer:wmdssowedmomsama1m%.decm&e=nre.oonsewnwtemmdorganlcemcm:m

- zzbly sedimentation
Nutrient Indicsc
= 2.20.2¢ < Surrogate for standing crop, decreazes In responze to nutrient and organic enrichment and contaminant lbading. Calculstion =

Chiorophyd . (Regional Median Chi a/{Abzolre Value of Regional Median Chi a = sanmpie Chl a))

Decreazes in response to nutrient enrichment and contaminant loading. Caiculation = (Regional Median Fhosphatase
Rhosphoinse Acvity 8 ‘ Valua/Abzchts Value of Segional Median Phozphatase Vake = sanpie Fhozphataze Vake))

Varabie rezponse to stress, though may decrease w kh nutrient enrichment and taxines. Caicuation = (Regional Median Blomass

- )

MRS S aas Y VaneiAbsoksts Valus of Ssgiona Medisn Blomss Value = Azh Fras Dry Mazz [AFDM)
Simillarity
Mean Similartty to Reference Shes 30 - Mean Eray-Curtls siviarty 0 species composiion 10 reference sies; decreases In response to sress
%% Reference Specles 0 - Fercent of species found at reference sites that occur at dsturded sRes; decrexses In response {o stress
No. of Distinct Referaence Species 30 - NurDer of species found primarfy at reference skes but not & Inpalred siies; decreases in response %0 stress
%% Communkty Simartty 24 - Simiarty n species comMpostion 10 reference sies; decraases nresponse 10 stress
Mottty
% Motie nalviduais 56824 - ncreazes in response to sedmemation
36 Not Motie Indvidusiz 3 - Decreazes In response to sedimentation
26 Hghly Motle Individuals 3 - Ncreazes in response to sedmemation
% Varbie Moty hdviduals 3 v Variable rezponse to stress
%% Moderately Motie Individuals 6 - Increazes In response to sadimentation




Implementation Tracking

e What?

— X feet of riparian fencing, x feet of riparian
planting, septic system repair.

e Where?

— At smallest scale possible (lat, long)
e When?

— Dates when implementation occurred



Bringing it all together

Spatially represent
activities in GIS layer

Statistically measure
changes in biology,
habitat and water
quality with efforts.

Feedback loop to effort

Tracking success and
propose future action.



For more information contact.

Scott Collyard

Department of Ecology
Environmental Assessment Program
Directed Studies Unit

360-407-6455


mailto:Scott.Collyard@ecy.wa.gov

