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Slicken AssessmetiReport

Purposef Background

Following several yearsf aboveaverage streamflow in thapper Clark Fork RivadCIR), the Clark Fork
Coalition CF(Q, and local recreationists reported and documented numeroengs that activated
previouslycontained floodplain slickens. Slickens eoataminated patchesfdare grounddevoid of
vegetation due to heavy metal contamination dating back to the earfyc@dtury Figurel). ARCO
constructedberms around some slickens in the 19809%eep the contaminated materifom
interactingwith the river.But high sustained stream flows hawegoded many of these berms in recent
years.The CFC first documented major berm failures in 2@hd in September 20189locumenteda
significant fish kilthat was caused in part by a rainfaiduced berm failurelt is impatant to note the
sustined nature of the anomalouslyigh flows on the upper Clark Fdtiat occurred between 2017
and 202Q(Figure2). For example, in 2028e Clark Fork Rivé#SGS stream gaugé Galerrecorded 50
days of flowin excess of 460 cfs, thengterm average peak streamflow value at the site. While recent
high flows are considered to be aajor causal factor, the deterioratioof the berms themselves has
also contributed to an increase in erosion hazards.

Figurel. Example ofahighazaR ¥t 22 RLIX | Ay aaf AO01Syé¢ O2yil YAYIFGSR 6A0GK
and arsenicThe person in théoregroundis standing on a crumbling berm that is at risk of complete failure.



Clark Fork River at Galen Daily Discharge (April-R@172021)
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Figure2. Median daily streamflow values for théSGS stream gage statiGtark Fork River at Galen (2017
present). Note the larg number of days flows exceeded the long term median daily Vzétween 2017 and 2020
(i.e. the blue line is higher than theack ling. After 4 years of above average flagnditions, 2021 saw below
average flows (some of the lowest flows experienced in 20 years).

After several years of photo documenting avulsion events on a limited $dalgana, Fish, Wildlife,

and Parkand the CFC partnered to complete a comprehensiigken risk asessment in the summer of
2020 along the umemediated phases of the upper Clark Fork River above Deer LBudigeslicken risk
asssanent was extendedo the unremediated phases of the Clark Fork River betw@emtKars
Ranchand the Litle Blackfoot River in 202 The slicken assessment involved documenting the location
and relative risk of all the major slickens proximate to the Clark Fork River armbndiscted in the
months of May and Jun@eeTable l). The report below presents thiindings of both the 2020and
2021assessment.



Date of Average Daily Flow| PhasesAssessed

Assessment at Galen(cfs)

May 28, 2020 500 7,8

June 2, 2020 618 8,9

June 3, 2020 571 3a, 3b
June 18, 2020 942 3b, 4

June 23, 2020 760 10, 11
June 252020 687 12

June 23, 2021 193 17-19

June 2, 2021 188 20-22

Table 1Dates and phases floated during the slicken assessment and average daily flows al @ealei
recorded the highest average daily flow at Galen for 2020 (jeaate).

Methodology

The slicken assessments were completed by floating reaches of the river with staff from MT Fish Wildlife
and ParkgFWP)xnd the Clark Fork Coalition (see slicken database for additional methodology). Slickens
were located from aerial photos and from the boBtch slicken was given a Slicken ID and GIS
coordinates were recordedualitative risk assessments were conduchexn the boat and shoreline to
categorize risks associated with avulsion and surface runoff events. Each slicken wassgirfane
erosionrisk (SERJnd avulsion riskAR)score from 14, with Lrepresenting minimatisk and 4signifying
imminentrisk (see Appendix A for example¥ye considered slickens with SER or AR scores 3 or above

to be the highest risks to aquatic lifSlickens were put into three general size categories of i

acre) medium(¥-1 acre) and largg> 1 acre)Evidence of &nk calving was noted when present.
Landowner permission was requested when it was necessary to survey slickehamfiel. Photos

were taken at each slicken to document conditiovMe also calculated an overall Hazard Index (HI) as a
metric of the relatve risk of each slicken. The HI score incorporates SER, AR, slicken size, and presence
of bank calving into a single metrid/e considered slickens with K| O ko be the greatest risk to

aquatic life.

Survey summary

In 2020, ve surveyed at total of 109iskens over 19.3 river mildsetween Perkins Lane and Arrowstone

Park An additional 48 slickens between Grafwhrs Ranch anithe Little Blackfoot River were surveyed

in 2021 A total of60slickens were ranked as 3 or 4 for surface erosion risk3@rstickens were ranked

as 3or 4 for avulsion risk (Tablg.2Ve found Ba f A O1 Sya 6A0GK KIFITFNR AYRSESa
slickens are located in phases 3A, 3B82%nd phase 2ZTable2; see Figure 3 for phase locatigns

A subset of slickens identified as high hazard in 2020 were revisited in summer 2021 to look for potential
changes (see slicken database for details). No appreciable changes in risk were observedhaglthese
riskslickens. In generahe slickens in 202 looked very similar to their condition in 2020. With the low
stream flows of 2021, avulsion activity was likely reduced compared to previous high flow years.
However, slickens at the highest avulsion risk are inundated by the river even at base flosatnde

to erode every year. A number of slickens in Phase 3 had hay bales and straw waddles installed around
them in 2020 to help mitigate berm failure before remediation occurs. While the large bales were intact
and continued to provide protection agest surface runoff, the small straw waddles had been eaten by
cattle.



Table2. Number of slickens and slicken risk scores by phasatal of 57 Slickens were assessed.

Total Number Surface erosion risk Avulsion risk Slickenswith
of hazard index
Phase slickens 1 2 3 4 1 2 3 4 X MnA
3a 7 2 2 3 1 2 3 1 4
3b 17 2 7 2 6 1 11 2 3 7
4 9 1 6 2 2 6 1 1
7 12 2 6 3 1 1 9 1 1 1
8 6 2 2 1 1 1 5 1
9 16 4 3 6 3 4 7 5 6
10 10 1 3 4 2 6 4 3
11 14 2 4 4 4 3 9 1 1 5
12 18 2 10 4 2 4 11 2 1 4
17 11 5 3 2 1 4 5 2 3
18 7 6 1 4 3 0
19 3 3 2 1 0
20 5 4 1 3 2 0
21 9 7 2 8 1 0
22 13 5 2 3 3 6 5 1 1 3

Total 157 46 51 34 26 4 83 21 9 38




Clark Fork River Cleanup DE Q
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Figure 3. Status and location of cleanup phases on the Upper Clark Fork River south of Deéldodglit: MT
DEQ.



GeneralObservations

Meander tabs

Although the condition of the slickens varied considerably, theresvg®me consistent trends noted,
especiallyn the higherhazard slickendviany of the moswisibly-contaminated slickens are loet on
meander tabs that haveelatively low elevation(compared tosurface water anédjacent floodplain
elevation). These meander tab slickens tend to see berm faiatrboth the top and bottom of the tabs
(related to distinct geomorphological force&).some of the extremely higavulsion hazard slickens
head-cutting was noted at the upstream end the tab with significant dowstutting observed at the
lower end. In some instancgihese avulsions have matured to the point where much of the exposed
contaminated material has been washed downstreéfigure 4.

Furthermore contaminated shallowurface watewas noted ponding at the downstream end of several
of the seveely-contaminated slickens. Isomeinstancesthis ponded water was just inches fraime lip

of a berm on the downstream end of a meander tab. These particular slickens pose an extremely high
risk to the river during rainfakvents. When the lower berm ahese tabss overtopped due to

excessive surface runoff, contaminated water integadirectly with the nver Figure 9. This is the same
mechanisnthat was documented on Slicken #fier the September 2019 fish kilhd is suspected to be

a primary pathvay transporting heavy metals-thannelduring rainfall eventgvia aqueous and

sugpended sediment form).

In addition to direct surface connection, there was also clear evidence chconated groundwater
interaction At several of the severely contaminated slickeralstained water was noted lingering in
slack waterareas on the downstream end tfe meander tabsKigure §. This contaminated water is
interacting directly with the Clark Fork River gmatentiallyimpacting aquatic resources downstream.

Figure 4Newly-formed side cnel through a slicen on a meander ta.



Figure 5Partiallyfunctioning berm on slicken #4. The berm contains some contaminated water, but is in danger of
being overtopped during high river flows.
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Figure 6 Tealcolored water enterig the Clark Fork River at the downstream end of a contaminated meander tab
onslicken # 4.



Berms

Berms wereconstructedby ARCO in the 198@long several reaches of the upper Clark FRiserto
help prevent surface runoffvents on slickertsThe berms were initially constructed as a stpgp
measure to prevent acute evenfShese berms were built with local earthen material (often
contaminated) and typically posithed at the margins of severebpntaminated meander tab3.he
bermshave played significant role ifoth preventing rainfaltelated fish kill eventsandhindering
chamel migrationin the UCFRAfter 30+ years witlminimalmaintenance (and severegcentyears of
anomalouslyhigh streamflow), the berms continue to erode and faiposinghe river toonce
containedcontamination

There are still several lateral miles of berm complexes pleasistin the UCFRin varying conditios).

Most of the remaining berms are approximatehB2eet in heigpt above the existing bankfull falplain
elevation. Although some berm complexes remain intact and functioning, many of the berms are
experiencing significant sloughing acohtinueto erode and fai(Figure §. The CFC first documented

major berm failure atlicken#10in 2017 Sincethat initial failure (which started as a2 foot breach), a
mature side channel has formed through the slickiest as of June 202i3 over 30 feet wideBerm

failure not only increases avulsion hazatdlso may increase the likelihood of surfaceoff events.
Slicker#6 was contained and somewhat stable until at least 20#8en significant berm sloughing was
noted. In September 2019, a large rainfall event resulted in a complete failure at the downstream end of
the meander talon slicken#6, releasng contaminated water directly into the Clark Fork.

~—
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Figure 7An intact berm on slicken 94. Note that the berm is vegetated and keeps slicken material out of the river
(on the left).

1 Former FWP fisheries biologist Wayne Hadllelped sputthe establishmenbf the berms after documenting
numerous rainfd-on-slicken fish kill events the 198@.



Surface erosion risks

The phytotoxié properties of slicken depositsas led to many areas of bare ground in the UCFR
floodplain(combined these deposits equate to several acres of exposed grourt lack of vegetation,
combined with the finegrained qualities of the soil itself, make these areas highly erodible. Eneas

are alsarelativelyimpermeable to water, so rain tends to either pond up (i.e., if the slicken is contained
by a berm or other high spots) or runoff into the riEigure 8. We found clear flow paths leading from
slickens to the river in 50 of thelickens we surveyedFigure 9. We observed mineral salts forming on

the surface of slickens. These salts wick to the surface as slickens dry out can be colored blue, green,
white, or grey depending on the chemical composition. These salts are easoyvdisin wateandare

an acute risk to aquatic life during rain events.

Figure 8 Ponded water on slicken #6.

2 Phytotoxicity is a toxic effectyba compound on plant growtlsuch damagan the upper Clark Fork is caused by
elevated concentrations of trace metals and salts including copper, zinc, lead, assghaadmium.



Figure 9 Clear flow path leading from slickeB3#(a small but severe slicken located between Sager Lane and Deer
Lodge) to the Clark Fork River.

Avulsion risks

Like any river, th&JCFRontinues to migrate laterally across its floodplain. During high spring flows, the
UCFPRften flows outside its baks and begins to form new channels. While this process is a normal part
of a functioning river, in th& CFRvhere so much of the floodplain is contaminated, it also poses a
distinct risk. We observed théver flowing through several slickens at the tiwfeour survey and noted
evidence of recent flow through others. As tb€FRuts through these areas, it takes the contaminated
material withit. This materialndoubtedlyleads to temporary increases in surface water metals
concentrations and likely ends deposited as fine sediment downstream.

In some cases, slicken avulsions are causeabépglirect erosive power of the river. These avulsions are
often found on the downstream end of meander tabs where backwaters and eddies form. In other
cases, avulsits may fornfrom head-cutting caused by surface runoff over slickens. This surface runoff
collects at the lowest point and can form a flow channel and baadFigure 10.



Figure 10The phots aboveshowan avulsion channel that has formed from surface runoff and erosion of slicken

#95 (a large, high risk slicken between Sager Lane and Deer Liodg®.ii 2 dal ¢ A& 2y (GKS f24SNE
2F GKS YSIFYRSNI (F63X LIK2G2 Thie éhanvelisiheaddutting towardithe dpkt@ami 2 L) 2 F
end of the meander tab and is within a few meters of causing the river to avulse into the slicken.



Synopsis and Next Steps

Surface runoff and avulsion everts slickensare not new phenomena in thapperdark Forkand

entrainment and transport of contaminated materialfibeen happening since the early2&entury.

However, @idence from the recent slicken assessments does indicate that the upper Clark Fork has seen
an increase in overall chanai@rming processes over the past several yedisese channel avulsions,

along with berm failures and surface runoff, have caused large amounts of contaminated material to
enter theUpper Clark Fork River chann@his contamination may cause increased toxicity to aquatic

life. Rainstorms that mobilize slicken material have the potenti@iaiaseacute impacts, particularly

when these events occur during periods of low river discharge. This was the scenariodhagd in
September2019 when severe thunderstorms washed contamination into the UCFR

Recent trout population estimates on the upper river (above Deer Lodge) are at their lowest point since

the 1970s and several miles of river hold less tH&0trout per mile.Similar streams thadre

O2y&aARSNBR aNBFSNByOS NBI OKS sigherigsdiblaista havedlgoO0Saa 2 F |
documented a near complete lack of recruitment of young fish to the population in théyasts. The

lack of fish in theJCFR has not gone unnoticed bgdl anglerswho oftenreport poor fishing resultm

the area.The combination of low trout numbeyshe 2019 fish killand recent evidence of largecale

contamirant transport in the upper Clark Fork are likely related.

Cleanup of theontaminated UCFR floodplain is underway in some areas. However, it could be many
years before the cleanup reaches other parts of the river. In the meantime, mitigation strategies such as
erosion control measures or berm rebuilding shobkconsidered. For other slickens, such as those at

the highest avulsion risk, removal may be the only opttéigh flowsin 20172020years have

significantly altered the channel above Deer Lodge and future runoff events that activate the floodplain
will continue to increase the risk of contaminanbbilization Highrisk slickens that pose the greatest
threat to aquatic life need to be addressed as soon as possible to prevent further damage to the
ecosystem.

As slickens continue to erodegweedtoinvd G A 3 S GKS adzZ GAYIFIGS FFLiSéE 27
that has becomenobilizedin-channel.This could be at least partially investigated througigeted

sediment sampling and testirig areas that are suspected sources and sifike University of Matana
Western(UMW) spearheaded a limited sediment contamination scoping assessment in 2019 and found
dangerouslyelevated levels oihstreamsediment contamination at the downstream end of

contaminated slickengddditional investigations into the biologicamificationsresulting from the

transport and deposition ofontaminated sediment are needed.

Recent high flows have damaged the integrity of the berm structptgsn place to contain
contaminationand ongoing study of slicken hazards is needdieCFC and MT FWP plan to conduct
annual slicken assessments for the next several years to continue to monitor and document conditions.



2021 Addendum

Flow conditions

Following fouryearswith sustained high streamflow (2042020), the UCF experiencedtreme drought
conditions in 2021with flows droppingo levels not seen in close to 20 yeatssome locatios.
Although lowstream flowsstress aquatic ecosystems, conditions during 2021 also resulted in
significantly less bank and floodplain erosibarn previous yearg@nd likely less entrainment of
contaminated sediments into the active channeé{s part of the 2021 slicken assessment, CFG-rfel
staff revisited slickens evaluated in 2020 and found that conditions had not changed significantly
between 2020 and 2021 (likely related to streamflow conditions).

Garrison

The 2020 and 2021 slicken assessments show that the majority of high risk contamination in the
floodplain of the Upper Clark Fork River are upstream of Deer Lodge. There is a sudd@mifitant
decrease in the number of high risk slickens downstream from-8tHdridge in Deer Lodge compared
to upstream parts of the Clark Fork. This is consistent with previous evaluations of floodplain
contamination.However, the2021survey did doumentfour slickens with hazard indices > 10. Three of
the four high risk slickens were in phase 22 upstream of Garr®&arkens #145 and #151 are both large
abandoned oxbow channelgith severe contaminatiorthat despite being disconnected from thetae
channel, could pose sk to aquatic life during high flow events. Slicken #154 is located directly
adjacent to the confluence of the Little Blackfoot and Clark Fork River and is clearly visibl®@om |
This slicken exhilgtevidence of active bdncalving and is likely an acute threat to aquatic life.

Next Steps

1 Werecommend a revaluation ofigh hazardlickens following the next sustained high flow
event on the UCF.

1 We reconmend that an expedited version of the slicken assessment be conapletgortions
(or all) of reach Bo complete the inventory of slickens that are adjacent to the UCF.

1 We recommend that action is taken as soon as possible to prevent continued surface and bank
erosion at Slicken #154 (Little Blackfoot Confluence Slickérg slicken should receive high
priority for removal, or if removal is not imminent, erosion contmasures should be
considered.



2021 Addendum Photos
b §

ID #5B1: This abandoned oxbow slicken is incredibly expansive, covering approxitimtyes.

ID #154: Located at the confluence of the Little Blackfoot, the slicken is a potential fish killer.



Appendix A(Hazard Risk Examplg3lass %

ndnected and channeforming processeare evident.

ID#74 AR=4SER=3): Slicken is inundated a



AppendixA (Hazard Risk Exampléslass B

ID#71,AR=3 (SER=3Evidence that river was flowing through slicken, but not at the time of the survey.



AppendixA (Hazard Risk Examplé3lass 1 & P
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