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Presentation Notes
I appreciate the opportunity to spend time with you today. Frankly, I’ve been looking forward to this visit.  The work that I’ll present represents one of those discussions where many of us may have an understanding of what we think the problem might be, but can’t really know all the pieces, nor how they might fit together. This discussion focuses on the on-going but intermittent bacteria in drinking water issues in the Island Park area.  Specifically in the Mack’s Inn, Island Park Village areas.
 
Important here is of course the Why’s and what to do next. But I also believe it important to have an understanding of at least one way to address a question like this. The question is not only Why do we see these bacteria issues in groundwater – we can all think of a list of possible sources, but why are these often seasonal, and also intermittent? If we’re going to have a bacteria source – why don’t we see it all the time? groundwater.   

Through this discussion, I’ll provide some details on the sampling and investigative approach taken. I’ll also focus on the details that help to distinguish the likely primary sources, and factors that can then provide a direction for corrective actions – what to do. 





https://storymaps.arcgis.com/stories/6897a2392cea45f49e9272a44da7f513
https://storymaps.arcgis.com/stories/6897a2392cea45f49e9272a44da7f513
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Presentation Notes
While not published in hard copy yet, this investigation is available as an ARCGIS story map, with lots of details.  I need to acknowledge the help of my friend Micheal Ferraro – a recent ISU hydro master grad, and an awful lot of labor from the DEQ Idaho Falls regional office. 

The problem is the seasonal occurrence of bacteria in drinking waters for both private domestic wells and public water systems in the island park area. For the big picture, Total Coliform includes a whole class of bacteria naturally occurring in soils, not always harmful, as well as the total coliform and indicators such as E. Coli that are often found in surface waters and related to fecal sources – wastes – human or animal. E.Coli will always have other total coliform bacteria, but TC will not necessarily be related to fecal/waste sources.  These bacteria raft along fabulously with surface water, but will typically be filtered out as groundwater travels, and will die as it’s separated from it’s food source. 





• Heavy use during summer and winter recreation 
seasons

• Lots of lovin’
– vacation homes, VRBO
– RV, camping
– Outdoor recreation
– Yellowstone 

• Shallow soils and alluvium, fractured rock        
(high GW vulnerability)

• Historical seasonal bacteria issues
– Some areas are on PWS, community wastewater systems (1982)

• Shigella outbreak – 1995 
(https://www.cdc.gov/mmwr/preview/mmwrhtml/00040669.htm)

– Island Park Village area – suspected to correlate to unregulated 
pit toilets used by construction laborers

– Issues with the wastewater system 

• 2020 – increased detections, PWS and domestic 
wells 

– DEQ DW, EIPHD, County – prompted investigation 

Background: 
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Background to the problem relates to the Island park area, and the combination of land use and environmental conditions. 
 
The island park area is primarily a recreation area with heavy use in both winter and summer conditions. It has a year-round population of about 300. Like other recreation areas, the place sees lot’s of lovin during the busy seasons, with a much greater population during the summer recreation and a lesser peak for the winter snowmobile season. Peak visitation occurs end of July - August timeframe. 
Geographically It’s situated in at about 6400 ft and sees an average of 26 inches of precipitation with 190+ inches coming as snow.  
The Island park area straddles the Henrys fork caldera, the 2nd cycle of the Yellowstone caldera system. The geology is shallow soils over fractured tuffs and some basalts, and some glacial outwash. These factors along with relatively high precip and the huge pile of snow that melts in just a few short weeks in the spring result in high GW vulnerability.
The area has had a history of bacteria and pathogen issues, A community sewer system began development in the early 1980s to connect areas with a high density of cabins and resorts. This hasn’t solved all the bacteria issues. Of specific note is the Shigella outbreak that made national news in the mid 90’s. 
With Seemingly increased detections for PWS wells and complaints from domestic well owners in spring 2020. DEQ, the eastern Idaho Public health districts, and Fremont county public works came together to better understand the what and why’s to move forward with prevention. 



Distinguishing Anthropogenic sources: 
Identifying N Inputs:

• Natural
• Ambient/baseline
• Anthropogenic  

Characterize Distinguishing Factors: 
• Defining groups/sources
• Modifying processes 

Relate to Context:
• Subsurface
• Land use/BMP Context

Process Flow:
• Know the context

Natural, ambient, anthropogenic sources
• Sample

Bacterial, Major ions, Nutrients, COCs, Tracers, isotopes 
• Characterize Factors 

– (Multivariate analysis – PCA, HCA, K-Means)
What distinguishes different sources? 
What controls timing and occurrence 
What processes modify the signature

• Relate to sources
Land use conditions, practices

Forensic N Monitoring Analytes:
Major ion Chemistry, Nutrients, COCs 

Field parameters – temp,  SpC, pH, DO
Ca, Mg, Na, K, Cl, SO4, Total Alkalinity
NO2+NO3, NH4
Bacteria (T. coliform, E. Coli)

Stable isotopes, Tracers 
15N, 15NNO3,18ONO3,,18OH2O, 2HH20
B, Br
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The approach taken here to investigate bacteria sources is the same as I’ve taken to investigate nitrate sources – the TC and E. coli we’re looking for could come from multiple sources – some we can mitigate, and some we cannot – like tracing nitrate sources. When nitrates are high, they’re typically from anthropogenic sources that may be drastically different. The accompanying characteristics – supporting chemistry, isotopic signatures, and accompanying tracers – can help distinguish

Specific varieties of bacteria from specific sources can be identified by DNA, or specific sources – if human wastes can be positively tagged by things like hormones, pharmaceuticals or specific chemicals such as caffeine or artificial sweeteners. The problem is if you spend all your sampling money on these great tools but get no detections – all you know is – you didn’t detect it

Thus a sampling approach and process flow that tries to understand the context and inputs, will provide information even if it doesn’t furnish the “smoking gun”.  This will work if you’re looking for bacteria from surface water or for nitrates from septics or ag.
What are the possible significant sources? What’s ambient (I don’t say background as to me that implies no prior impact), and what are the anthropogenic sources? 
What can cause the contaminant of concern to move, or what can alter it so it looks different when you do see it? 
sample for a “forensic” list of analytes to distinguish those sources and identify modifying processes, 
Often different sources of water that carry the nitrates or bacteria have similar chemistries, but distinct combinations of that chemistry. The differing chemistry,  proportions of ions, and isotopic signatures can distinguish sources; certain types of statistical analysis can see  distinctive patterns that can distinguish sources.
Relate the findings to possible sources, land use, and environmental conditions






Questions, Sites and sampling:

Questions:
What are the primary sources/drivers?
• Surface water, Sanitary waste leaks/septics,  

WLAP?
What are the drivers for seasonality and 
locations?
• Snowmelt?
What factors control the sites impacted?
• Proximity to waste-water, WLAP?

Sites sampled:
Fall ‘20 – 16 PWS, 15 domestic, 5 SW sites

– Bacteria, General chemistry, 18O/2H
– PCPP with ISU

Spring ‘21 – 15 PWS, 16 domestic, 2 SW, 2 WLAP, 2 
snow, 1 winter effluent

– Bacteria, General chemistry, 18O/2H
– B, Br, 15N/18O-nitrate, total 15N
– SpC, temp loggers in monitoring wells and SW

Field parameter monitoring
– Selected PWS

Island Park Village

Mack’s Inn
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Specific questions for this study are: primary sources and drivers – Potential sources include bacteria from surface water – specifically for PWS sites – are they GWUDI sites? Ground water under direct influence of surface water? Leaks from the sanitary system leaks and possible orphaned septics? Impact the wastewater land app (in the center of the map) other questions include what’s the role that snow melt plays? 

Nearly all the PWS sites in the study area were sampling in august 2020, As were a selection of domestic wells – these were volunteers recruited by the mayor of island park, a macks inn resident.   Also – 5 nearest surface water sites – Henrys lake outlet site, Henrys fork at mack’s inn, and three other sites – big springs, Moose creek and Lucky dog creek.  All these were sampled for bacteria, major ion chemistry, and oxygen deuterium.  We also had the opportunity to sample for personal care products and pharmaceuticals – sponsored by ISU Geology. The chemistry provided some clues about sources, and what surface water sites were related – the PCPP sampling – possibly due just to poor timing  - didn’t yield detections.

Sampling in the spring ‘21 was refined based on the fall results – with the addition of Br, B and 15N isotopes. Just the related surface water sites – Henry’s lake outlet and Henry’s fork at mack’s inn retained – plus, samples to represent the snow melt and the winter treated effluent, along with the wlap monitoring wells.   Also included were weekly trends for field parameters at selected PWS sites and hobologgers in the two monitoring wells and Henrys fork




Characterizing factors – Multivariate analysis

Allows a quantitative correlation with multiple factors (focus – 2021 results)
• Characterize Factors 

PCA – end members, sources of variability  - optimized analytes
HCA – similar sites, similar conditions/land uses, similar processes
K-means – identify factors that distinguish groups, source/process context. 

• Data utilized (optimized dataset)
Proportional milliequilivents for major ions: (Ca, Mg, Na, K, total alkalinity (as CaCO3), Cl, 
SO4), trace elements (B, Br) and NO2+ NO3.

Not detects replaced by ½ the reporting level -- NO2+ NO3 (5), Br (3), B (1)

Interpretive plots – in terms of K-means cluster assignments
– Pipers   - mixing of sources
– Cl/Br (with context for bacteria) – Cl source distinction, atmospheric/soil/waste  
– LMWL – timing of water, impacts from winter/summer precipitation/evaporation
– 15N, 18ONO3 - nitrogen sources and processes

The inputs that include the COC include variations/combinations  of ambient conditions
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I’ll focus on the 2021 sampling – the additional sites representing recharge and nitrate sources, and inclusion of Br, B, represents an optimized data set. And more complete context. 

Multivariate statistical analysis is very helpful in this context as the means of looking at the data can show differences between sites or groups that are potentially just Suttle variations in the combination of sources that make up the ground water  -  the surface water that represents much of the ground water, the big pile of melting snow, and the treated waste water – which is mostly groundwater with just some slight additions.  

 PCA, HCA, and K-means were completed concurrently and I’ll present outcomes within that context.  the same dataset was used for the all multivariate analyses:  – major ions, nutrients and tracers in terms of proportional milliequlivents per liter – the same context as for piper water chemistry diagrams – for those of us that like such things. These chemical factors can all be represented in the same terms (proportional milliequilievents per liter), and are all likely to be impacted by conditions expected to correlate across interwell-distances.  I found that including stable isotopes didn’t necessarily aid in explain variability for the groups, and thus more likely reflect impacts more local to the sample site.  PCA, HCA and the interpretive plots are all presented in terms of the K-means clusters, and helps build source signatures.



Characterizing factors: Variability/end members (PCA)

PC 1 2 3 4
Eigenvalue 4.1 2.2 1.1 1
Variability 41.4% 22.2% 11.1% 10.0%

Ca -0.2741 0.3339 0.3452 -0.4659
Mg -0.2961 0.0967 0.3032 0.3331
Na 0.3202 -0.3955 -0.4121 0.1876
K 0.2876 0.4564 -0.1044 0.2161
Cl 0.2517 -0.4479 0.3394 -0.3516

SO4 0.3565 0.2063 0.2058 0.1263

HCO3 -0.4019 0.2104 -0.3817 0.2249

NO2 + NO3 0.3781 0.3477 0.0550 -0.0920
B 0.1203 -0.0881 0.5329 0.6080
Br 0.3775 0.3137 -0.1344 -0.1480

Coefficients

• 2021 sampling - 36 GW sites, 2 SW, 
2 snow and 1 Effluent

• Three or Four significant 
components:

– (1) , NO2+ NO3, Br, SO4, Na, (2) K,NO2+ 
NO3,Ca, Br (3) B, Ca, Cl, Mg (4) B, Mg

Most group 2 sites returned bacteria 
detections 

1
2

3
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Each of the sites sampled include 10 variables, PCA reduces those to just a few uncorrelated variables with different coefficients for all those factors. The analysis indicated that there were 3 or 4 possible signatures. This plot shows each of the samples in terms of the first two new PCs  and it shows the overall strengths of the factors in distinguishing sites. Vectors that are at acute angles are more related, if at 90 degree angles – not correlated, and if at 180 degrees – inversely correlated. Sites are also distinguished by their k-means clusters – the #1 cluster are similar and distinct from the #2, and #3 and so on. 
This biplot shows 1 group – much like a combination of the Henrys lake outlet, and henrys fork at macks inn and correlated by Ca, MG, and total alkalinity, a cluster #2 that looks like a mixture of a primarily Cl, Na, source, and a K source with nitrate, Br, SO4.  and then a couple of distinct sites with similar Cl/Na
This #2 group typically returned bacteria detections.

To simplify – a combination of these factors – more cl/na, and more so4, K, nitrate distinguishes these sites




Distinctions (K-Means)

K-means outcomes:
• K means – Piper – cluster 2 –

increase in Cl, cluster 3, increased 
Na 

• Cl/Br cluster 2 plot mostly in the 
waste range, cluster 3 similar 

• Most TC,EC detections are cluster 
2 and waste range

• IPD-16 could be explained by mix 
of effluent and SW1

• Dual Isotope plot (δ15N/18ONO3 ) 
indicates enriched δ15N for some 
of these impacted sites (cluster 2) 
– supporting waste influence
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This a major ion chemistry diagram  - a piper diagram, shown are the k-means cluster #1, #2, and #3 sites.  This diagram shows the major positive ions , Ca, Mg, and Na+K, and the major negative ions alkalinity, Cl and sulfate. And in this region, a combination of Ca and Mg, and Cl+SO4. This shows that the kmeans cluster 1 sites – these here are primarily characterized by Ca and Mg.  These sites – the groups 2 and 3 sites – have an increasing proportion of Na+K,  and here – an increasing proportion Cl. In this region – it’s more clear – group 2 is distinguished by more Cl, Group 3 by more sodium.

This shows the same groups characterized by Cl and Br – the concept is that the ocean water where our precip originates has a relatively low Cl/Br ratio, Cl from other sources – soils or wastes, changes that source. Most of the group 2 sites plot in what is likely a waste source, the group 1 sites plot as a range from precip to soil water, and group 3, likely waste-related. 
Key these same sites to bacteria detections – either in the fall 2020 or spring 2021, most of the sites in the wastes range had TC and EC detections or at least TC detections. Standouts for this plot are the two snow composite sites – they’re different due to the sulfate values.
 
This plot of oxygen and hydrogen of water shows that first the snowpack plots like winter precipitation, and the snow effluent like evaporated water. The cluster 1 sites mostly plot like average precipitation for the year. Cluster 2, except for the snow pack, plots more like summer or a mix with summer precip. Here, it looks more like the upgradient surface water site, mixed with some of the group two GW sites yield the henrys fork macks inn site  - thus groundwater having more of an influence of surface water instead of the other way. However sites IPD-16 and the down gradient monitoring well IPM-01 do look to be somewhat influenced by the upgradient surface water.

This plot shows the combination of nitrogen and oxygen isotopes for nitrate and changes in isotopic values. Points to make from this is that the snow pack and snow effluent look like their suppose to, and values for the surface water sites look like a mixture of these mostly ambient sources, and ground water, conversely not like surface water, but a mixture, with many of the cluster 2 sites looking more like a waste N source.



Natural groupings (HCA)

2021 sampling HCA outcomes:
• Groups A – ISW-01 and IPS-03 (snow 

eff), Group B – ISW-04, Group C –
snow sites, Group D – IPM-02 (land 
app site?)

• TC detections across all groups, E. 
Coli groups B,C

Spatial plot with K-means
• Group C, cluster 2 share common 

factors
• Group D, Cluster 3 are distinct 
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The hierarchical cluster analysis shows distinct grouping A and B are spread across the island park village and mack’s inn area, Groups C and D are distinct. (1) in this spatial plot we can see how A and B  both correlate to K-means group 1 – more like ambient GW, Group C correlates directly with a k-means group 2. the two sites that comprise the D group correlate to K-means group 3. Groups A, and B and Cluster #1 share similar conditions possibly mostly ambient conditions, and groups C and D and 2 and #3 are influenced by possibly similar anthropogenic impacts.   Note that there are bacteria detections across all the groups. 

Again the point is that the difference is not just geographical – there’s other factors/input that make the differences



IPW-16 Field Parameters:
• 6/2-8/19
TC, EC detections
• IPW-16 – 7/6/21 
• IPW-13 – 5/26/21
• IPW-09 – 9/7/21
• IPW-03– 8/26/21
• IPW-02– no detections

IPW-13
IPW-09IPW-03IPW-02
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These are plots of field parameters for the 5 PWS sites monitored.  The sites were select to show a range of conditions and bacteria detections. Plotted are temp, pH, DO and specific conductance, superimposed are the declining snow water equivalent for the white elephant snotel site, and the monthly wastewater inflow to the Mack’s Inn wastewater plant. Specific correlations to look for are an inflection point early – correlating with the snow melt, or later correlating with overall wastewater inflow. Robins Roost shows a clear inflection point as the season is getting busy, 



Field Parameters:
• 6/2-8/19
Correlations to drivers
• IPW-16, 13 – close to 

WW lines 
• IPW-09
• IPW-03 – early season 

– melt related?
• IPW-02 – no  trend



Island Park Bacteria Investigation

Conclusions:
• Wastewater is a contributing factor – from possible sewer/septics
• Melting snows are likely a factor in driving existing bacteria to ground water 
• Surface water from Henry's Lake outlet and the Henry's Fork in the Mack’s 

Inn area is less likely to be a significant influence on bacteria occurrence. 
• WLAP does not appear to be a contributing source of bacteria to ground 

water. 
• Impacted sites more frequently included older wells completed to older and 

less-stringent construction standards. 
• Some impacted sites were close to sanitary sewer collection lines and 

showed impacts correlating to peak flow in the wastewater system, 
suggesting possible leaks in the sewer collection system.   
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In addition to these insights 



Island Park Bacteria Investigation

Proposed Paths Forward: 
PWS operators 
• Talk to DEQ about Source Water Protection and options.

• new well that seals out shallow sources of contamination, 
• consolidating with another PWS

Domestic users
• Contact DEQ, EIPHD, or IDWR about options.

• onsite treatment, new well-construction, or connection to a public water 
supply. 

• Follow recommendations for regular monitoring.
County-city Jurisdictions
• Investigate potential contamination sources

• identify leaks and active septic systems - work to connect to the central 
wastewater

• Develop and enforce protective ordinances:
• New construction connecting to community water/sewer
• Increase monitoring requirements for rental properties. Flint Hall, PG

DEQ IFRO
Flint.hall@deq.idaho.gov
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In addition to these insights 



Island Park Bacteria Investigation

Proposed Paths Forward: 
DEQ/EIPHD  (& other partners)
• Provide Education and training

• Well/septic maintenance and protection 
• Sponsor local sampling events 

(sample to understand the context – not just the Contaminant Of Concern)

Flint Hall, PG
DEQ IFRO
Flint.hall@deq.idaho.gov

https://storymaps.arcgis.com/stories/6897a2392ce
a45f49e9272a44da7f513
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