Lewis and Clark Preliminary Flood Report
Wayne Green Lewis and Clark NF

6/13/2011
From May 19 through June 12, 2011, central Montana was subjected to a wet, prolonged storm event which resulted in over 15” of rainfall recorded in some areas. The eastern parts of the Little Belts and Big Snowy Mountains were particularly affected along with the northern Rocky Mountains.  Road damage impacts on National Forest were substantial with impacts, to date, found along the South Fork Judith Road ( Forest Road 487), Spring Creek Road (FR 274), Crystal Lake Road (FR275) and the Teton Road (FR144).  This widespread event covered all of central Montana with the highest recorded 24 hour rain totals from the Crystal Lake SNOTEL site that measured 4.4” of precipitation from May 19TH to May 20TH.   http://www.wrh.noaa.gov/mesowest/getobext.php?wfo=mso&sid=CRYM8&num=168&raw=0&dbn=m  

Perspective
The precipitation frequency atlas (Miller et.al., 1973) indicates that the 24 hour accumulation of 4.4” on May 19th at the Crystal Lake snotel located in the Big Snowy Mountains was equivalent to a 25 year – 24 hour rainfall event.  On the southeast side of the Little Belt Mountains, the South Fork Judith RAWS on May 21st showed 2.57-inches in a 24 hour period and estimated to be a 10 year-24 hour rainfall event. On May 24th, the Daisy Peak Snotel indicated a 24 hour rain total of 3.30-inches which is greater than a 10 year -24 hour event. This precipitation event, however, was preceded by considerable moisture with saturated watershed conditions and very high antecedent moisture conditions and continued as heavy wet snowfall and rain through June 17, 2011.  Other snotel and RAWS information of the event is summarized in Table 1 below.
From the following NOAA Site, http://www.ncdc.noaa.gov/temp-and-precip/ranks.php recent temperature and precipitation rankings are displayed.  The Lewis and Clark Forest falls into climatic zone 6, (http://www.esrl.noaa.gov/psd/data/usclimate/map.html), “4 Central” . 

Table 1:  NOAA Temperature and Precipitation Rankings (based upon 117 years of data) March – May 2011

	Month(s)
	Precip.  Rank (6)
	Temp. Rank (6)

	March
	62nd Wettest
	62nd Coldest

	April
	6th Wettest
	16th Coldest

	March - April
	14th Wettest
	37th Coldest

	May
	7th Wettest
	20th Coldest

	April – May 
	3rd  Wettest
	14th Coldest

	March – May 
	5st Wettest
	28th Coldest


The protracted above average cold conditions allows for the snowpack extending late into the spring leaving many areas susceptible to rain-on-snow events.   The period of April – May, 2011 ranks into a period of high precipitation (3rd out of 117 years of record) accompanied by much colder than average temperature conditions (14th out of 117 years of record).
Using selected NRCS Snowpack Telemetry Stations (SNOTEL) the conditions resulting from the end of March through June 2011 rankings,(Table 2) show a sustained increase in Snow Water Equivalent with an average of 131% of average on the first of March climbing to >200% on May 30th.  This is due to the recorded additional recorded snow accumulations during this abnormally cold period of time.
Table 2:  Selected NRCS SNOTEL sites near or within the Lewis and Clark National Forest

	2011

Snotel Site
	March 31st 

 % of Ave
	April 30th
 % of Ave
	May 31st
 % of Ave
	June 22nd
 % of Ave.

	
	SWE3
	Precip
	SWE
	Precip
	SWE
	Precip
	SWE
	Precip

	Big Snowy Mountains
	
	
	
	
	
	
	
	

	Crystal Lake
	168
	138
	155
	138
	295
	190
	229
	185

	Little Belt Mountains
	
	
	
	
	
	
	
	

	Daisy Peak
	101
	113
	98
	113
	158
	151
	432
	151

	Onion Park
	123
	109
	117
	109
	159
	130
	442
	134

	Deadman Cr
	133
	95
	135
	95
	295
	114
	0
	133

	Spur Park
	127
	82
	124
	82
	149
	108
	743
	114

	Stringer Cr
	211
	124
	123
	112
	667*
	131
	100*
	134

	Rocky Mountain Front
	
	
	
	
	
	
	
	

	Mt. Lockhart
	127
	110
	133
	110
	165
	128
	288
	129

	Wood Cr
	135
	103
	127
	103
	191
	126
	1920*
	122

	Dupuyer Cr
	117
	196
	124
	86
	201
	114
	1475*
	122

	
	
	
	
	
	
	
	
	


*Data suspect
Precipitation
As shown above (Table 2), very little snowmelt from lower elevations was occurring prior to the precipitation recorded during this rain event. The duration of this precipitation event was 23 days starting on May 19th and continuing to June 12th. The storm was widespread throughout central Montana.

Table 3: Rain Fall Estimates

	Date
	Site
	Type
	Elev. (ft)
	Location
	24 hour accu (in)
	SWE (in)
	Total Rain Fall

5/19-6/12 (in)
	Precipt Event/              Miller et.al



	
	
	
	
	Lat
	Long
	
	
	
	

	5/19
	Crystal Lake
	snotel
	6050
	46.79
	-109.51
	4.0
	17
	16.5
	25yr-24hr

	5/21
	SF Judith
	RAWS
	6300
	46.7228
	-110.4064
	2.57
	NA
	13
	10yr-24hr

	5/21
	Daisy Peak
	snotel
	7600
	46.67
	-110.33
	3.30
	16.7
	10.6
	10yr-24hr

	5/21
	Onion Park
	snotel
	7410
	46.91
	-110.85
	1.90
	18.20
	8.7
	2yr-24hr

	5/21
	Porphyry
	RAWS
	8282
	46.8353
	-110.7175
	3.40
	NA
	12
	10yr-24hr

	5/21
	L&C Portable
	RAWS
	5430
	47.0522
	-110.6814
	2.81
	NA
	10
	10yr-24hr

	5/21
	Little Snowy
	RAWS
	4975
	
	
	
	NA
	15
	


Flood advisory for rain and melting snow were issued for Cascade and Meager Counties at 8:21 AM MST, May 22,2011. Flood advisory for severe thunderstorms and snow melt were issued for Teton County at 4:15 PM MST, June 6th 2011 with areal flood warnings issued on June 7th at 6:02 AM. Judith Basin was put under a areal flood warning on May 19th at 1:02 PM.  http://mesonet.agron.iastate.edu/vtec/search.php
Stream Flow
Stream flow data was downloaded from sites maintained by the US geological Service (USGS)

http://waterdata.usgs.gov/mt/nwis/rt
High flows caused considerable road system damage on the east portions of the Little Belt and Big Snowy Mountains. South Fork Judith, Spring Creek and Dry Fork of Belt Creek road systems were especially affected on the forest. Many of the county roads were damaged as well. The peak streamflow estimates indicate the river basins exceeded a Q25 year return on the east side of the Little Belts and Big Snowy Mountains and were generally higher than a Q100 event. 

Cross section analysis is summarized in Table 4. Discharge analysis of the South Fork Judith River was completed on June 20, 2011 to estimate the magnitude of a recurrence interval of the storm runoff response. Methods included rod, tape, cross sections and gradient with a Kern level and tripod.  The cross section data was then entered into WinXPRO (Hardy et.al., 2005) to estimate discharge at the high water marks.  Flood frequency for the sites was then estimated using USGS regional basin regression equations http://mt.water.usgs.gov/freq (Parrett and Johnson, 2004). Cross section analysis estimated maximum flood discharge on the SF Judith at 1,646 cfs and based on this analysis this storm event is estimated to have a RI great than 2% or a Q50.

Table 4: Cross Section Analysis

	Station
	Area mi2
	Q from XS high water marks cfs
	USGS 100 year Q cfs
	USGS 50 year Q cfs
	USGS 25 Year Q cfs

	Spring Creek
	49
	898
	1190
	982
	790

	Basin Creek 
	16
	470
	498
	410
	328

	South Fork Judith River 
	90
	1646
	1680
	1410
	1160

	Teton River
	105
	~2,100 (Gage Q)
	4920
	3420
	2370


Cross section analysis was also completed at Basin Creek and Spring Creek on June 21, 2011 using the same methods as above. Basin Creek maximum flood discharge was estimated at 470 cfs with an RI of 1% or Q100. Spring Creek cross section analysis estimated a discharge of 898 cfs with an RI of  2% or a Q50 event.  
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Based on the USGS gage (06120500) at Harlowton Montana the Musselshell River peaked on May 25th/26th with a recorded flow over 7,000 cfs. Based on flood records from this gage, this event is estimated to have a 0.2 exceedance probability or a 500 yr event.
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The South Fork Judith Road experienced considerable flood impacts with several bridges severely damaged and long road segments washed out.   The closest operating gage is located some distance from the South Fork Road. Peak flows recorded at the Judith River gage located near Winfred was 15,000 cfs on May 22nd after which the gage malfunctioned (see hydrograph above).  The previously record high max flow for this gage was 2110 cfs in 2008 based on 10 years of record.
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The Rocky Mountain front also experienced high flows on the South Fork of the Teton River resulting in damaged the SF Teton Road (FR 144). Flows were estimated to be higher than a Q50 event. Based on the USGS gage (06102500) (See hydrograph), the Teton River below the South Fork, a peak flow of  >2000 cfs was recorded. Based on Montana flood-frequency and basin-characteristic data, this would indicate a recurrence interval of 1% or just shy of a Q100 event. 

Cross section analysis of the South Fork Judith River.
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Cross section analysis of Spring Creek. 
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Based on rainfall over this long period of time and the wide extent of recorded flooding, it is suggested that this event may be larger than a Q500 in some drainages. Additional investigation and event delineation will need to be further calculated. Also the extent of damage on the forest has not been totally ascertained do to the limited access currently afforded by the damaged county and forest road infrastructure. 
/s/ Wayne Green

Lewis and Clark NF

Forest Hydrologist

6/23/2011
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Bridged washed out along the Crystal Lake Road (FR 275) Big Spring Creek, Big Snowy Mountains.





South Fork Judith River washout on Forest Road 487.  This washout was caused by high flows and debris damming of the bridge resulting in the stream bypassing the bridge on the east side approach.  The flow was observed to be across the canyon in several places along FR 487, bridges were clogged, water ran down the road or the enlarged stream channel encroached on the road prism.  





Road damage on Spring Creek Road (FR 274) located on Spring Creek, a tributary to the Musselshell River,  High flow from Spring Creek flowed laterally encroaching the outside bend, right stream bank, undercutting the road surface. 





Road damage along the South Fork Teton Road (FR 109) South Fork Teton Creek, Rocky Ranger District, Rocky Mountain Front.








