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Contents 

• Revisit spring conditions of 2018 
 

• Hydrologic setting of Tenmile Creek and Helena Valley 
 

• Climate data comparisons 
 

• Hydrologic data comparisons 
 
 

Presenter
Presentation Notes
Presentation will include information on:Spring photos & timeline of snowmelt and floodingKey information about the physical and hydrologic setting of Tenmile Creek and Helena Valley2018 precipitation, snowmelt, and streamflow data in comparison with previous years and other known flooding years



2018 March 7 

Fox Ridge looking South 

Presenter
Presentation Notes
Plenty of snow still on the ground in early March



2018 March 15 

Applegate Rd & Norris Rd Looking West 

Presenter
Presentation Notes
By mid-march, melting snow resulted in flooding of low-lying areas as water sought out low spots…



2018 March 15 

Crestwood Lane looking SW 

Presenter
Presentation Notes
More mid-march melting



2018 March 22 

Canyon Ridge Subdivision 

Presenter
Presentation Notes
Still snow on the ground in late march continuing to keep ground wet10” of snow fell in the valley in March 2018, and lingered through March.Another 6” of snow fell in the valley in April.



2018 April 16 

Sevenmile Creek at Birdseye Rd Crossing 

Presenter
Presentation Notes
Mid-April saw low-elevation snow melting and rising streams….see Sevenmile Creek at Birdseye Rd.Note level of water on staff gauge in channel.



2018 April 27 

Presenter
Presentation Notes
11 days later in April – rising water in streams.Note rising water level on staff gauge.



2018 May 3 

Presenter
Presentation Notes
Staff gauge washed away by May 3rd.Just to illustrate how exceptional flows were. Nearly all of the 15 QPD stream gauging stations were washed away in spring 2018.  They had been functioning for 10 years prior to spring 2018



April 27 2018 April 29 

Tenmile Creek at Green Meadow Drive 

Presenter
Presentation Notes
Tenmile Creek as it flows over and out of its banks at Green Meadow Dr crossing.  409 cfs on April 29 at Williams St gauging station



2018 May 9 

Tenmile Creek at Frontage Rd 

Presenter
Presentation Notes
Tenmile Creek at Frontage Rd on May 9th



Presenter
Presentation Notes
Tenmile Creek at Frontage Rd during ‘normal’ spring flow.Normally this reach goes dry by mid-June, sometimes earlier.In 2018 it was flowing all summer.



2018 May 9 

Presenter
Presentation Notes
Prickly Pear Creek off Wylie DriveNote stream gauging station



May 9 

Presenter
Presentation Notes
Same location in August 2017Note stream gauging station



2018 May 1 

Just below the confluence of Tenmile Creek and Sevenmile Creek 

Presenter
Presentation Notes
May 1st (380 CFS at Williams St gauging station)Beginning of out-of-bank flooding ~ April 29-30Peak of 595 CFS at Williams St gauging station on 5/11/18



Just downstream of Green Meadow Drive 

2018 May 1 

Presenter
Presentation Notes
Photos showing out-of-bank flooding and how it forms channels near Green Meadow Dr crossing.



2018 May 1 

Presenter
Presentation Notes
Photos shows where Tenmile Creek jumps its banks.  Note lack of flooding or out-of-bank flows to the east (right)Note channelized flow – NOT a flat floodplain style flood flows.  Water follows a specific route – an historic alluvial fan channel.



2018 May 1 

Presenter
Presentation Notes
Another channelized flow photo downstream of Green Meadow Dr.Showing additional photos of this area, because it’s very important to understanding what is going on.
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2018 May 1 

Presenter
Presentation Notes
Just downstream to where historic channel crosses McHughNote again, channelized flow where its not distracted by roads, berms, homes….



2018:  Observations so far… 

McHugh Dr N 

2018 May 1 

Presenter
Presentation Notes
Note road backing up water & many obstructions to flow.



2018:  Observations so far… 

N 

S 

Presenter
Presentation Notes
Note channelized flowNote remnant channel below canal that is NOT activated.  Canal diverts water to North (unnatural path)



2018:  Observations so far… 

N 

2018 May 1 

Presenter
Presentation Notes
Note Channelized flow to pooling where the channel has been plugged/altered inhibiting flow-through.



Flooding:  How did it get like this? 

• Valley setting/slope 
 

• Mountain Snowpack 
 

• Valley Snowpack 
 

• Timing of Snowmelt 
 

• Spring Precipitation 

Natural Physical and Environmental Factors: 

• Streamflow 
 

• Activation of alluvial channels 
 

• Rising Groundwater 
 
 
 

Hydrologic Response: 

Presenter
Presentation Notes
INPUTS that govern flooding conditionsOUTPUTS that show groundwater and stream response to INPUTS.



Physical Setting 

• Watershed  
• Surface and Groundwater Flow 
• Typical GW depths 
• Valley/Stream Slope 
• Alluvial Fans 
• Valley Topography 
• Infrastructure 

Presenter
Presentation Notes
Physical setting is the basically the same every year, and is considered the ‘starting condition’ for any year’s precipitation and runoff.



Rimini USGS gauging station 

Williams St USGS gauging station 

Frohner Meadows Snotel 

Presenter
Presentation Notes
Tenmile Creek & Silver Creek watershed shown in yellow.  Size ~105,000 acres.  164 square milesStream gauging stations and Snotel sites identified.High elevation – lots of snowpack…Dave’s Exxon is the RED STAR (for orientation purposes)



Data Source:  General depth to groundwater derived from Moreland & Leonard (1980)  

Presenter
Presentation Notes
Arrows show groundwater flow.Yellow dots show WQPD monitoring wellsGeneral depth to groundwater (depth to water table) is shown.  This area changes slightly  every year based on precipitation, runoff, and climatic conditions.Note Dave’s Exxon



Data Source:  General depth to groundwater derived from Moreland & Leonard (1980)  

Presenter
Presentation Notes
Diagram showing groundwater movement into mountain fractures.  Deep and shallow groundwater flow paths. Lateral flow, upward flow,  heterogeneity in subsurface.Note that this groundwater is flowing down from Mountains and is FLOWING THROUGH the valley.Differing layers and lenses of fine sands to coarse gravels – all create differences in subsurface flow paths, direction, speed.



Data Source:  General depth to groundwater derived from Moreland & Leonard (1980)  

Presenter
Presentation Notes
Illustrate the water table.Groundwater/water table is NOT an underground river or lake.  Its all the sands and gravels filled with water. Water table is NOT a flat surface – its elevation and topology changes depending on many factors.



Presenter
Presentation Notes
LiDar based imagery – Light Radar..2012 topography.  Note areas of cut and fill…gravel pits, sewage lagoons, interstate, airport…Structural changes that effect water flow.Note Dave’s ExxonZoom in …



Presenter
Presentation Notes
Note alluvial channels and cut and fill areas.Note where overflow channel begins, point out long linear channel features….Water has historically traveled these channels during high flow conditions



Streambed profile illustrating grade break just upstream of Green Meadow Drive. 

Highway 12 

Interstate 15 

Presenter
Presentation Notes
2017 Hydrologic and Hydraulic study by RESPEC.Note changes in stream slope – relates to stream power or ability to carry sediments.Slope changes from 1% to 0.5%  just upstream from Green Meadow Dr



Presenter
Presentation Notes
Illustrates transition from higher to lower slope, at inflection point.Braided stream form demonstrating very active sediment movement/dropping from suspension or bedload.



Presenter
Presentation Notes
Most years, it dumps a sediment load here and continues on its merry way…flow not high enough to jump banks.So…while the process of sedimentation creates these overflow channels, it’s the periodic high flows that activate them…



Presenter
Presentation Notes
Similar alluvial fan formation in East Helena.Note alluvial channels fanning out – these are historic alluvial channels.



Presenter
Presentation Notes
Diagram showing alluvial fan formationSimilar to Tenmile Creek entering the Helena ValleyNote fanning out shape – distributing sediment evenly over thousands of years.



Presenter
Presentation Notes
Note fan shape of the contours…three different alluvial fans (Silver Creek, Tenmile Creek, Prickly Pear Creek)Notice present day active lobes.  Prickly Pear Creek is now located on western portion of the fan.Note change in gradient from closeness of contours…



Presenter
Presentation Notes
To this alluvial fan setting we have built homes, farms, ditches, roads, highways, canals, gravel pits, cemeteries…This all involves cutting and filling, altering the landscape, and changing/distracting/slowing down, the flow of water through this area.So this is the environment we start with every year.  Most years do not see any flooding.  Some years it floods…The response of this setting to snowmelt, rainfall, and water inputs varies each year resulting in variations in streamflow and groundwater levels each year.



Brief Break… 



Hydrologic Setting Review      … 

• Watershed Size 
• Surface and Groundwater Flow 
• Typical GW depths 
• Valley/Stream Slope 
• Alluvial Fans 
• Valley Topography 
• Infrastructure 

Presenter
Presentation Notes
Review physical and hydrologic setting



Now….enter 2018… 

Factors: 
• Precipitation 
• Mountain Snowpack 
• March-April Valley Snow 
• Elevated Spring GW 

Presenter
Presentation Notes
Next slides will show how precipitation, snowpack, melting and runoff affected flows and water levels in the valley



Rimini USGS gauging station 

Williams St USGS gauging station 

Frohner Meadows Snotel 

Presenter
Presentation Notes
Point out area where we have data:SNOTEL data at Frohner Meadows (NRCS)Streamflow data at USGS gauging stationsPrecipitation data at Helena Regional Airport



Presenter
Presentation Notes
Note precipitation and which years in recent history had flooding. Compare 2011 to 20182011 – June 6-9 @ 3” of rain – stream response 570 cfs at USGS Rimini gauge 0n 6/72018 – major rain events resulting in high stream flow  was after snowmelt runoff – June 16-21 @ 2” rainJune 19-23rd flow increases from 100 to 689 CFS at Williams St USGS gauging station.  Rain event and hi mountain snowpack melting (rain on snow)Flooding can be a result of rainfall or snowmelt, or both.



Presenter
Presentation Notes
SnoTel station and how it works. Hundreds of these throughout the West…



2018 

2011 

Presenter
Presentation Notes
2018 Snotel runoff April 19-May 11.  Driving overbank flooding in Helena from Late April through early May2011 Snotel Runoff May 10th-May 28th (no flooding).  Flooding events in 2011 occurred June 7th-12th.  Not primarily related to snowmelt.  Major rain event June 6-9 ~ 3”Not aware of any overbank flooding in 2014 related to snowmelt.



Presenter
Presentation Notes
Comparison of median SNOTEL data to 2108 SNOTEL dataNote that 2018 snowpack was greater than twice the median or ‘normal’ snowpack.



Presenter
Presentation Notes
Chart showing 2018 SNOTEL snowpack data in comparison to the median SNOTEL snowpack data. 2019 SNOTEL snowpack data so far in 2019 is shown in purple.



Stream Gauging Station 

Presenter
Presentation Notes
BRIEFLY show how gauging stations work



273 cfs   May 4th 

133 cfs   May 28th 126 cfs   May 22nd 
147 cfs   May 24th 

593 cfs   May 11th 

689 cfs   June 20th 

Presenter
Presentation Notes
Tenmile Creek streamflows at USGS Williams St gaugeNote that Station was not operating in 2011 – cooperative agreement with L&C County and USGS….we pay to keep station operating….very important!1 Cubic Foot/Second (CFS) =  7.5 Gallons/sec Tenmile Creek jumped its banks near Green Meadow Dr somewhere above 350cfs.   Contribution of Sevenmile Creek flow unknown but very high this year.



559 cfs   June 19th 
570 cfs   June 7th 

Presenter
Presentation Notes
Tenmile Creek streamflows at USGS Rimini gaugeNote 2011 and 2018 streamflows.  Flooding occurred both years.2011 and 2018 flooding from overflow of Tenmile Creek However, streamflow response in 2018 mainly from snowmelt runoff, whereas in 2011 – mainly rainfall, with some high elevation snowmelt runoff 



2018 May 1 

Presenter
Presentation Notes
So….at somewhere above 350 cfs at Williams St, this happens.



2018 May 1 

Presenter
Presentation Notes
Note lack of flooding to the East.  Lobe not active due to elevation differences in alluvial fan deposits…



2018 June 15 

Presenter
Presentation Notes
WQPD staff visited this reach of stream (just downstream of Green Meadow Dr) in Mid-June after Public Works had removed woody debrisNot possible to access during high flows.  Need to conduct inspection for any debris-related channel obstructions in early spring.



2018 June 15 

Presenter
Presentation Notes
Piles of woody debris pulled from the stream



2018 June 15 

Presenter
Presentation Notes
Pile of woody debris pulled from the stream



2018 Tenmile Creek Flood Path  

Presenter
Presentation Notes
Note path of 2108 flood waters in blue.Note obstructions and distractions directing water, NOT on its pre-historic path, but on a new path governed by the new topography.Infrastructure contributed to standing water at the surface in many locations which led to rapidly rising groundwater in many areas.



2018:  Observations so far… 

N 

2018 May 1 

Presenter
Presentation Notes
Note standing and pooled water infiltrating through soils to groundwater.One large groundwater recharge area spring of 2018.



2018 Tenmile Creek Flood Path  

N 

2018 May 1 

Presenter
Presentation Notes
Note standing and pooled water.



2018 Tenmile Creek Flood Path  2018 May 1 

Presenter
Presentation Notes
Note standing and pooled water.



2018 Tenmile Creek Flood Path  

Data Source:  Flood path derived from ground and aerial observations, LCC 

Presenter
Presentation Notes
Note FLOOD PATHFlowing at right angles, filling low areasNote that GW is not being inhibited.  It is not traveling at right angles but is flowing to the NE throughout the flooded area Red arrows point to two wells monitored by the WQPD.  (see next slides)



11/22/11 
11/28/18 

Presenter
Presentation Notes
Hydrograph of water level from a residential well on Motsiff RdTypical November water level is ~ 15- 20’.  Presently it is @ 12’Note 2011 & 2018 – same response to overbank flooding at Green Meadow Dr.  No other years (2008-2018)  did it rise so high – only during overbank floods in 2011 and 2018.



Data Source:  Well level measurements collected by Lewis & Clark County WQPD 

Presenter
Presentation Notes
Same residential well on Motsiff Rd.Note rapid rise of ~15’ from April 30 – May 12th.  April 30 is about when Tenmile Creek jumped its bank at Green Meadow Dr.



8/28/17 

Presenter
Presentation Notes
Monitoring well on Mill Rd.Note similarities at Mill Rd regarding GW rise in 2011 and 2018Note low point during 2017 drought.



Data Source:  General depth to groundwater derived from Moreland & Leonard (1980)  

Presenter
Presentation Notes
Silver CreekWQPD Stream Gauging station on Silver Creek just west of Lincoln/McHugh.



Data Source:  General depth to groundwater derived from Moreland & Leonard (1980)  

Silver Creek Gauging station - WQPD 

Presenter
Presentation Notes
Silver Creek stream gauging station.



Data Source:  Stream discharge measurements collected by Lewis & Clark County WQPD 

Presenter
Presentation Notes
2018 Silver Creek hydrograph.Note Silver Creek flowing all year through the summer.Normally there is a runoff pulse in early spring and then Silver creek goes dry in June…VERY atypical to have Silver Creek Flow all yearSo….a lot more water entered the valley from Silver Creek this year than most years.Combined with already high GW levels from irrigation system and spring snowmelt…GW levels were exceptionally high along Silver Creek



Presenter
Presentation Notes
Hydrograph of residential well in Silver Creek floodplain.  



Proposed Monitoring Locations 

Presenter
Presentation Notes
WQPD intends to expand its groundwater and stream monitoring network.  This map shows proposed additional locations for groundwater monitoring.Need to understand flow triggers on Tenmile Creek as well as groundwater response when flow triggers are exceeded.Wont stop flooding, but will allow us to better understand the triggers and extent of GW rise.  Also, knowing groundwater levels going into the season can help folks prepare.



Summary 
General timeline of events 

• Winter 2017-2018 – High Snowpack 
• Spring 2018 (March/April) – lingering valley snowpack.  10” in March, 6” in 

April 
• Mid-march snowmelt flooding in low areas 
• Late April through mid-May TMC high flows (>300cfs) – peak May 11 (595 cfs) 
• TMC out of main channel, activates alluvial channel April 29/30 – May 12/13 
• GW levels rise rapidly 
• Widespread basement flooding in area of activated alluvial channel 
 

Key Factors: 
• Precip/snowmelt/valley & creek setting 
• 2 phases of surface flooding (valley snowmelt & mountain runoff) 
• Activation of alluvial fan channels at high flow 
• Rapid GW rise in and adjacent to surface flow-paths form local surface water 

recharge to GW 
 
Future steps by WQPD: 

• Expand monitoring network to collect additional SW & GW data in spring 



Keep in mind…. 
Tenmile Creek Flooding is a periodic event… 

Additional flooding in 1879 – 1892 – 1917 – 1927 – 1938 – 1944 – 1949 – 1953 – 1955 – 1956 – 
1957 - 1969…    (ACOE 1973) 

Presenter
Presentation Notes
Flooding on Tenmile Creek, like the flooding that occurred in 2011 and 2018, is a periodic event and should be expected.



1975 Flood 

Presenter
Presentation Notes
Path of 1975 flood.Very similar to flood paths of 2011/2018/etc…The floodpath has been known for quite some time.



May 1981 Flood 

Presenter
Presentation Notes
1981 Flood.  Largest on record.  >3000 cfs at USGS Rimini GaugeCaused by 3-4 days of intense precipitation in late May 1981.



Peter Schade 
Lewis & Clark County 
Water Quality Protection District 
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