MFWP Responses to ISRP Comments on our FY 2007-2009 Project Proposal

199500400 – Libby Mitigation Program

Project Title:  Mitigation for the Construction and Operation of Libby Dam

Sponsor: Montana Fish, Wildlife & Parks

Location: Mountain Columbia Province – Kootenai Subbasin

Short Description: Implementation of watershed-based habitat enhancement and fish recovery actions to mitigate the losses caused by hydropower in the Kootenai subbasin. Montana Fish, Wildlife & Parks collaborates with the Tribes of Montana and Idaho, IDFG and B. C., Canada.

ISRP Recommendation: Response requested

ISRP Comments: 
This is a reasonably thorough proposal for mitigation via habitat enhancement that nonetheless needs better justification through monitoring results for continuing its “hard” stream restoration approaches. 

The proposal provides generally good background, from general Libby Dam effects to specific project streams. The work is largely related to the Council's Fish and Wildlife Program and Libby Mitigation Plan, although justification might have gone broader. There is a rather good narrative of interrelationships with other projects. The objectives for the proposed work include continued stream restoration, removal of non-native salmonids with toxicants, and burbot stock assessment. Soundness of the techniques depends on the results produced. Results of the enhancement actions presented here do not provide convincing evidence that the methods are generating benefits.

The proposal provides a good history that emphasizes actual results not just tasks undertaken. Results of the recent phase of the Libby Creek lower Cleveland restoration are given in good detail for physical and biological attributes. Results of this one restoration effort were presented and reviewers were asked to seek results of other projects in reference material. Detailed results of the one project were useful, but it would have been helpful had some statements been included to summarize results of other projects.

The previous ISRP reviewers were concerned that stream restoration efforts seemed to be following too much of a "hard-engineering" path. That concern is heightened by the proposal’s reporting of the lower Cleveland results. These results call into question the "hard" fixes/active restoration, but the proposal continues to emphasize heavy equipment, logs, and rocks. The cutthroat trout seem to be responding to the restoration activities as a disturbance and avoiding the area. 

Response is needed to address: a) the extent to which passive rehab has been considered, and why the approach was discounted, and b) reasons why proposed stream work (nearly 1/2 of funding requested is for heavy equipment and structural materials) is expected to produce better results than shown so far. The proposal needs to judge whether the sponsors see the lower Cleveland project as "successful" with reasons why or why not. Monitoring should be enhanced until the present projects show the strategy described is beneficial.

Response to the ISRP comments:

a)  We have considered using passive restoration techniques on many of the projects described within the FY2007-2009 project proposal.  However, most of the sites described are not suitable for passive type restoration techniques due to the extremely long time periods required for self healing to be effective.  For example, the original land disturbances that resulted in the current physical habitat conditions on Libby, Grave, Dunn and Pipe creeks occurred many decades ago, and in the case of Libby and Grave creeks, dates back to the early 1900s.  In each of these potential project areas, the disturbance regimes have been removed for at least 30 years, and yet the habitat has been slow to respond.  In most cases, the reason that the habitat has not yet recovered from the original disturbance is that healthy riparian areas and the large woody debris that recruits from these areas is absent or nonfunctional.  We consider the physical restoration techniques that we utilize to be short-term fixes intended to serve as a stop gap measure until the riparian community reestablishes.  In addition to the physical structures we place in streams to create habitat for salmonids and stabilize the stream banks, we also design the restoration projects to promote the natural functions required to reestablish a healthy riparian plant community that will provide the long-term function and stability.  In some cases we use cultured riparian plant production to further facilitate this process.  

b)  The stream restoration work that we completed on the Libby Creek Upper Cleveland Stream Restoration Project in 2002 restored approximately 3,200 feet of stream channel to a dimension, pattern and profile to a stream form that is capable of sustaining its form and function through time.  The project resulted in an overall increase in the quality and quanity of salmonid habitat within the project area, especially pool-type habitat.  Past land management activities including logging, mining, riparian road construction, and stream channel manipulation had resulted in accelerated bank erosion along a number of meander bends, resulting in an over widened, unstable, and shallow channel (Sato 2000), which was contributing to the low quality habitat for native salmonids including bull trout and redband trout.   The existing channel prior to this restoration project was over-widened with frequent lateral migration of the active stream channel.  These conditions resulted in frequent multiple channels within the project reach.  A lack of substantial riparian community further contributed to channel instability.  Prior to project implementation, the width-to-depth ratios were high (ranging from 28-43 feet) and the stream was shallow, with mean bankfull channel depths ranging from 0.58 to 1.79 feet in depth.  We constructed the stream channel, using reference reach criteria established by Rosgen (1996).     

The Libby Creek Upper Cleveland Stream Restoration Project was completed in November 2002, after excavating approximately 3,200 feet of new channel according to the design criteria (Dunnigan et al. 2004) including an average design bankfull width and depth of 32 feet and 3 to 7 feet, respectively.  We designed the channel pattern to utilize existing riparian vegetation in project reach wherever possible, in an attempt to maximize channel stability, and promote a more rapid recovery of the riparian area.  The resulting stream pattern design increased sinuosity (stream length divided by valley length) from 1.1 to 1.6, and subsequently increased total stream length from approximately 2,700 to 3,200 feet.  Substantial effort was also expended to restore a healthy riparian vegetative community.  These efforts included transplanting approximately 500 shrubs during construction and planting approximately 2,000 willow cuttings, 75 cottonwood poles, and 1,600 containerized native shrubs after stream channel construction.  

The project resulted in an overall narrower and deeper stream channel.  In 1999, prior to project construction, we measured stream channel morphology at 5 cross-sectional survey locations in riffle habitat within the project area.  After project construction in 2002 we established 9 permanent transects in riffle habitats.  These same locations were surveyed again in the summer of 2003, after the project had experienced the first spring freshet.  At each transect we measured mean bankfull width, depth, width to depth ratio, and cross sectional area.  We used analysis of variance (ANOVA) and a subsequent multiple comparison test (Fisher’s Least Significant Difference; Zar 1996) to test for significant differences between years (alpha = 0.05; Table 1).   Mean bankfull width, depth, and width to depth ratio were significantly reduced from 1999 to 2002 and 1999 to 2003.  Comparisons for the three parameters between 2002 and 2003 were not significantly different (p > 0.05; Table 1).  However, the associated variance for each of the 4 parameters decreased each year (Table 1).  

Due to the importance of pool habitat to rearing redband and bull trout within the project area, we devoted a substantial effort to monitor pool habitat to evaluate whether our work increased the quantity and quality of pools and whether the pools maintained depth, width and length through time.  The stream channel profile prior to project construction contained few pools (Figure 1), and due to the limited geographical overlap with the newly designed channel thalweg could not accurately be displayed on the same figure as the new channel profile surveyed in 2002 and 2003 (Figure 2).  The designed channel profile required excavation at numerous depositional areas throughout the project reach (Figure 2) and resulted in an increased quantity of pool habitat within the project area.  Prior to project construction, the mean pool-to-pool distance was 325.4 feet.  We resurveyed the project area in the summer of 2003 after the restoration work had been subjected to the first spring freshet after construction, and the mean pool spacing was 172.8 feet, which represented a 223% increase in the total number of pools.   After project construction in the fall of 2002, we measured mean bankfull depth, width, length and maximum bankfull depth of the 20 pools constructed in the project area.  We repeated these measurements in the summer of 2003 after the project had experienced the first spring freshet.  We did not perform a statistical comparison for these data because the pool measurements represented all pools within the project area (i.e. complete census), making statistical comparisons unnecessary.  We observed a decrease in the mean values of each of the 4 parameters from 2002 to 2003 (Table 2).  Mean bankfull depth showed the sharpest decline (18%) from 2002 to 2003, followed by pool length, which decreased by 17.7% (Table 2).  The variance of each of the 4 parameters also decreased from 2002 to 2003 (Table 2). 

	Table 1.  Mean bankfull width, depth, width to depth ratio and cross sectional area for 5 cross sectional surveys in 1999 and 9 different cross sectional surveys in 2002 and 2003.  Variance estimates for annual mean values are presented in parentheses.  An analysis of variance (ANOVA) was preformed for each parameter, and the P value is presented for each ANOVA.  The results of subsequent multiple comparisons (Fisher’s Least Significant Difference) are also presented (alpha = 0.05).  

	
	Mean Bankfull Width (ft)
	Mean Bankfull Depth (ft)
	Width to Depth Ratio
	Cross Sectional Area (Square ft.)

	1999 (Pre Restoration)
	41.5 (35.2)
	0.94 (0.07)
	47.6 (359.8)
	39.6 (211.3)

	2002 (As Built)
	34.3 (30.5)
	1.33 (0.09)
	26.7 (59.0)
	46.0 (114.3)

	2003 
	31.5 (18.5)
	1.48 (0.04)
	21.8 (25.4)
	47.9 (62.5)

	ANOVA and Multiple Comparison Results
	P = 0.008

1999/2002 Significant

1999/2003 Significant

2002/2003 Non-Signif.
	P = 0.004

1999/2002 Significant

1999/2003 Significant

2002/2003 Non-Signif.
	P = 0.0007

1999/2002 Significant

1999/2003 Significant

2002/2003 Non-Signif.
	P = 0.385

1999/2002 Non-Signif.

1999/2003 Non-Signif.

2002/2003 Non-Signif.


	Table 2.  Mean bankfull width, depth, maximum bankfull depth, and length measured from 20 pools in 2002 and 2003.  Variance estimates for annual mean values are presented in parentheses.  A statistical comparison of annual mean values was not performed because the 20 pools represented all pools within the project area, and therefore represents a complete census.  The percent change for each parameter from 2002 to 2003 is also presented.  

	
	Mean Bankfull Width (ft)
	Mean Bankfull Depth (ft)
	Maximum Bankfull Depth (ft)
	Length (ft.)

	2002 (As Built)
	37.95 (23.75)
	2.64 (0.763)
	4.32 (1.148)
	36.7 (205.2)

	2003 
	34.5 (16.07)
	2.16 (0.30)
	3.80 (0.684)
	30.2  (130.8)

	Percent Change
	-9.16% (-32.3%)
	-18.01% (60.7%)
	-12.03% (-40.4%)
	-17.67% (-36.2%)



[image: image1.wmf]90

95

100

105

110

115

120

125

130

135

140

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

Profile Distance (ft)

Elevation (ft)

Thalweg

Water Surface


Figure 1.  The longitudinal profile of the existing stream channel prior to the implementation of the restoration project.  The survey was conducted beginning at station 0 (upper project boundary) to approximately 2350 feet prior to the implementation of the restoration project in the fall of 2002.  The survey was not completed for the lower approximate third of the project area.  Note the lack of pool habitat within the project area.
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Figure 2.  The longitudinal profile of the constructed stream channel thalweg in 2002 (as built) and 2003 after the project experienced the first spring freshet.  The survey begins at the upper project boundary (station 0) and proceeds downstream to the lower project boundary (approximate station 3200).  The stream channel prior to channel construction was not located within the same general plan view as the newly constructed stream channel.  Therefore, the existing stream channel longitudinal profile (Figure 1) could not be superimposed on this figure due to differences in stream channel length that resulted from an overall increase in overall channel sinuosity and length after project construction.

The mean annual variance for mean bankfull depth had the highest decrease (18%) between 2002 and 2003, followed by maximum bankfull depth variance, which decreased by 40.4% (Table 2).  Although mean pool length decreased by 17.7%, the total proportion of pool habitat (sum of all pool lengths divided by total project area stream length) within the project area decreased by 4%, from 22% in 2002 to 18% in 2003.  The changes between 2002 and 2003 were slight, and although some of the dimensions decreased between 2002 and 2003, pool frequency, length, and mean depth were higher than existing conditions prior to the project.   


Results demonstrate that the quantity and quality of pool-type habitat and habitat diversity and complexity were limiting factors in this section of Libby Creek prior to restoration activities, and that the restoration project we completed successfully improved rearing conditions for resident salmonids by increasing the depth, available pool quantity and quality and habitat complexity.  Furthermore, these changes have been self- sustaining.  Stream geomorphology, stream habitat, salmonid abundance and standing crop are related and significantly correlated (Kelly et al. 1989; Lanka et al. 1987; Kozel and Hubert 1989).  Muhlfeld et al. (2001a; 2001b) found that redband trout in a third-order tributary to the Kootenai River relied on large complex pools for both summer and overwintering habitat.  Pool habitat has also been identified as critical habitat for cutthroat trout (Schlosser 1991; Irving 1987; Pratt 1984; Dunnigan et al. 1997).  Complex habitat associated with pool-type habitat has also been shown to be an important factor influencing the distribution of bull trout during summer (Pratt 1992) and winter (Thurow 1997, and Bonneau 1994) periods.  Streams that are hydraulically complex as a result of varied and complex habitat have been shown to lose proportionally fewer fish, have fish assemblages that are generally more resilient, and have generally higher fish diversities compared to hydraulically simple streams after floods (Pearsons et al. 1992).  The physical changes to the habitat on Libby Creek as a result of the Libby Creek Upper Cleveland Stream Restoration Project are consistent with conventional scientific principals related to the abundance and distribution of stream dwelling salmonids as they relate to physical habitat conditions.   Therefore, based on the condition of the physical habitat that resulted from the Libby Creek Upper Cleveland Stream Restoration Project (and other similar projects), this effort was a success.  However, the life histories of the fish species inhabiting these streams dictates that they will not sexually mature until age 3-5, and in the case of bull trout, the age at maturity is as long as 5-8 years.  Given this lengthy period of time, it is unreasonable to expect immediate increases in abundance.  We are confident that the physical changes to the habitat will translate into real and substantial increases at the local population level, but that these changes may take many years to realize.  We feel our monitoring components associated with this (and all our projects) will be adequate to detect these changes through time.  
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1999 LP Data 12A-12C

		Libby Cr. Longitudinal Profile (from L12c, L12b,L12a, to L13)																				STA		TW		WS

		Date: 7/29/99&8/4/99												STA				TW				0		134.04		134.97

		Station		water surface		TW		BF						0		96.48		95.68				62		130.24		132.34

		0		96.48		95.68								62		97.73		97.11				125		130.41		131.86

		62		97.73		97.11		98.61						125		98.46		97.83				197		128.21		129.56

		125		98.46		97.83								197		100.44		98.41				235		128.11		129.46

		197		100.44		98.41		101.26						235		100.45		95.31				288		125.51		126.53

		235		100.45		95.31		101.26						288		101.24		99.16				308		123.61		126.41

		288		101.24		99.16		101.86						308		101.81		100.5				400		124.76		126.28

		308		101.81				102.31						400		102.71		101.34				445		123.44		124.9

		400		102.71		101.34		103.4						445		102.87		100.03				464		121.66		122.98

		445		102.87		100.03								464		102.8		101.43				492		119.98		121.09

		464		102.8		101.43								492		103.48		101.95				619		116.43		118.08

		492		103.48		101.95								619		107.73		106.61				674		114.1		117.58

		619		107.73		106.61								674		108.28		106.75				714		115.9		116.97

		674		108.28		106.75								714		109.27		108.56				740		116.27		116.3

		714		109.27		108.56								740		109.52		107.05				785		113.82		115.1

		740		109.52		107.05								785		111.48		110.58				827		109.97		111.77

		785		111.48		110.58								827		111.71		109.48				866		109.48		111.71

		827		111.71		109.48								866		111.77		109.97				985		110.58		111.48

		866		111.77		109.97								985		115.1		113.82				1157		107.05		109.52

		985		115.1		113.82								1157		116.97		116.27				1216		108.56		109.27

		1157		116.97		116.27				Xsec.L12B				1216		117.58		115.9				1258		106.75		108.28

		1216		117.58		115.9								1258		116.3		114.1				1278		106.61		107.73

		1258		116.3		114.1								1278		118.08		116.43				1423		101.95		103.48

		1278		118.08		116.43								1423		121.09		119.98				1567		101.43		102.87

		1423		121.09		119.98								1567		122.98		121.66				1724		100.03		102.8

		1567		122.98		121.66								1724		124.9		123.44				1809		101.34		102.71

		1724		124.9		123.44								1809		126.28		124.76				1862		100.5		101.81

		1809		126.28		124.76		126.79						1862		126.41		123.61				1888		99.16		101.24

		1862		126.41		123.61								1888		126.53		125.51				2047		95.31		100.45

		1888		126.53		125.51								2047		129.46		128.11				2097		98.41		100.44

		2047		129.46		128.11								2097		129.56		128.21				2178		97.83		98.46

		2097		129.56		128.21								2178		131.86		130.41				2298		97.11		97.73

		2178		131.86		130.41								2298		132.34		130.24				2369		95.68		96.48

		2298		132.34		130.24								2369		134.97		134.04

		2369		134.97		134.04				Xsec.L12A

		2515		137.6		136.45

		2535		137.98		136.46

		2549		139.08		138.25

		2660		140.09		136.87

		2714		142.2		140.98

		2787		144.55		143.3

		2866		147.37		146.51

		2924		149.23		149.71

		2947		150.3		149.24

		2973		150.32		147.47

		2991		151.04		150.29

		3054		151.54		150.18

		3082		152.42		148.64

		3088		152.47		151.36

		3206		156.23		154.69

		3230		156.62		153.18

		3255		158.15		157.34
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		2282.9		2402.6

		2292.5		2415.3

		2306.5		2428.8

		2323.5		2465.3

		2341		2482.3

		2356.4		2506.7

		2367.5		2526.9

		2383.3		2553.5

		2400.8		2597.3

		2434.9		2627.9

		2464.4		2633.1

		2505.8		2642.7

		2538.5		2664.9

		2558.6		2715.8

		2570		2758.9

		2580.7		2781.8

		2599.7		2793.5

		2619.9		2812.8

		2634.3		2836

		2655.9		2877

		2686.4		2902.9

		2713.3		2950.5

		2719.8		2982

		2726.7		3011

		2733.6		3046.8

		2739.3		3071.6

		2758.8		3109.7

		2772.1		3136.8

		2784.7		3155.1

		2793.1		3169.4

		2808.9		3190.9

		2830.5		3217.1

		2856.3		3232.6

		2881.3		3260.8

		2914.8		3285.6

		2951.3		3297.2

		2989.2

		3001.4

		3018.8

		3027.9

		3032.6

		3036.9

		3043.8

		3062.4

		3070.7

		3077.1

		3080

		3092

		3113.2

		3148.3

		3153.7

		3161.6

		3175.5

		3182

		3188.3

		3196.4

		3218

		3241

		3264.4



Cobble Structure #8

Cobble Structure #9

Cobble Structure #10

Cobble Structure #11

Cross Vane #3

2002

2003

Distance (ft)

Elevation (ft)

Station 20+00 to 32+20 Channel Thalweg

27.1

26.63

26

27.68

25.3

27.59

23.3

27.74

22.2

27.01

23.3

26.14

22.1

25.15

23.5

24.75

24.9

25.65

25.3

24.41

25.1

24.54

24.8

23.77

23.7

21.7

23

22.14

22.1

21.01

21.4

21.39

21.6

22.57

21.4

21.47

21.1

20.92

22.2

20.72

22.8

21.21

22.7

21.39

22.5

20.66

22

20.1

20.6

18.64

19.8

18.34

19.6

19.74

17.8

17.73

16.9

17.72

18.1

16.63

19.2

14.91

19.2

16.64

19

17.36

18.5

16.65

17.6

16.46

17.6

14.58

15.6

14.43

15.2

14.74

16.6

14.74

17.6

13.87

17.4

13.22

16.7

12.66

15.4

12.08

15.2

11.7

15.9

12.11

17.1

11.28

16.4

11.57

16.5

12.24

16.2

12.11

16

12.53

14.4

14.2

12.2

12.6

13.6

14.1

14.2

13.5

12.1

12.7

13.7

13.5

13.3

11.9

11.1

11

10.1

8.9

9.7

11.3

11.6

10.1

10.4



Chart WS-TW 2002

		0		0

		20.6		13.520393

		34.5		37.762791

		40.3		47.02849

		45.2		52.210363

		50.8		56.900402

		57.6		65.774305

		66.1		76.093296

		75.7		103.799102

		93.7		116.409124

		111.9		131.025603

		115.6		140.882401

		119.7		204.070947

		126.9		227.427387

		131.1		258.972098

		138.1		293.832137

		149.2		327.584575

		157.1		377.232655

		184.9		398.874978

		198.9		415.835467

		218.1		424.471086

		230.8		463.406582

		236.4		501.275342

		242.1		530.967268

		247.6		550.626509

		262		582.231806

		274.8		608.048095

		295.7		634.498814

		319.6		671.339011

		328.4		728.626783

		362.7		778.006493

		386.3		805.518757

		391.8		819.128639

		396.8		843.950134

		403.9		880.417432

		411.7		916.20376

		424		939.822831

		435.1		955.769355

		454.9		997.313939

		495		1030.177364

		530.5		1046.153952

		542.2		1066.23001

		548.8		1117.331154

		561.1		1147.213701

		566.7		1164.721594

		575.7		1196.894431

		587.6		1231.652795

		600.9		1240.645736

		623.6		1249.521219

		663.2		1260.862885

		709.1		1269.518122

		761.4		1326.679005

		767.9		1356.424604

		775		1363.837706

		780.5		1381.762405

		784.5		1398.630144

		790.5		1417.744578

		798.8		1427.758763

		811.4		1436.870559

		823.6		1461.800427

		853.5		1487.87342

		905.9		1521.388502

		913.7		1543.381429

		915.9		1592.177626

		925.4		1616.067662

		932.9		1636.358797

		939.8		1675.096615

		946.5		1691.750159

		982		1704.514792

		1032		1757.384921

		1050		1781.613707

		1105.4		1829.89585

		1127.7		1869.936193

		1148.4		1896.74134

		1182.9		1913.196778

		1215.3		1941.488842

		1227.6		1979.83004

		1250		2009.34277

		1255.9		2059.576484

		1268.4		2089.411808

		1279.7		2121.044654

		1291		2142.698501

		1316.5		2161.001997

		1345.6		2187.781379

		1356.4		2214.302075

		1362.6		2269.096891

		1376.3		2287.725998

		1396.5		2317.308047

		1415.1		2345.858995

		1428.5		2363.8802

		1435.1		2382.89078

		1462.9		2413.340871

		1489.4		2446.19425

		1522		2490.110561

		1541.2		2528.776329

		1588.1		2549.752896

		1613.8		2577.904582

		1634.1		2597.50562

		1640.4		2623.162351

		1652.1		2644.403994

		1670.1		2659.787781

		1687.2		2681.711904

		1700.6		2716.133383

		1716.1		2739.085695

		1735.6		2756.370211

		1745		2782.174125

		1774		2810.718458

		1821.7		2831.554292

		1862.3		2874.109943

		1890.4		2910.4833

		1895.3		2944.856366

		1907.8		2978.213752

		1920.9		3001.992837

		1931.5		3003.949367

		1942.5		3025.675797

		1959.2		3032.101284

		2010.1		3047.691582

		2043.8		3062.458537

		2086.1		3068.213947

		2091.6		3083.726174

		2102.7		3094.894007

		2121.3		3113.851589

		2130.1		3113.851589

		2140.2		3140.305598

		2148		3163.604623

		2156.8		3179.191692

		2178.1		3204.971339

		2200

		2241.8

		2270.6

		2282.9

		2292.5

		2306.5

		2323.5

		2341

		2356.4

		2367.5

		2383.3

		2400.8

		2434.9

		2464.4

		2505.8

		2538.5

		2558.6

		2570

		2580.7

		2599.7

		2619.9

		2634.3

		2655.9

		2686.4

		2713.3

		2719.8

		2726.7

		2733.6

		2739.3

		2758.8

		2772.1

		2784.7

		2793.1

		2808.9

		2830.5

		2856.3

		2881.3

		2914.8

		2951.3

		2989.2

		3001.4

		3018.8

		3027.9

		3032.6

		3036.9

		3043.8

		3062.4

		3070.7

		3077.1

		3080

		3092

		3113.2

		3148.3

		3153.7

		3161.6

		3175.5

		3182

		3188.3

		3196.4

		3218

		3241

		3264.4



Thalweg

Water Surface

Profile as Built Channel 2002

57.2

57.1

56.9

57.5

56.2

56.5

55.13

56.5

53.6

56.5

53.3

56.5

53.5

56.5

54.8

56.4

55.8

56.1

55.8

55.9

55.6

55.9

54.1

55.9

53.2

54.9

52.8

54.7

53.7

54.4

53.8

53.9

54.6

53.8

55.4

51.5

54.9

51.2

54.4

51.1

54.5

51

54.3

50.7

52.8

50.4

51.6

49.7

52.1

49.6

52.9

49.6

53.7

49.5

52.9

49.1

53.3

48.6

53.2

47.7

51.7

46.7

51

46.8

49.6

46.8

48.1

45.8

48.2

45.2

49.8

44.7

50.5

44.7

50.3

44.5

50.2

43.8

50.1

43.4

49.3

43.1

48.6

42.7

47.3

41.9

47.1

41.6

46.6

41.5

47.5

41.5

48.5

40.9

49

40.7

49

40.8

48.3

40.8

47.8

40.7

46.6

39.5

45.1

38.5

44.9

38.2

45.1

38.3

44.1

38.2

43.9

38.2

44.9

37.9

45.7

37.9

46.4

37.8

45.2

37.2

44.3

36.3

44.5

35.9

42.8

35.6

42.1

35.2

41.6

33.6

43

33.5

44.3

33.5

43.7

33.5

42.8

32.9

42.5

32.3

41.5

30.8

41.9

30.2

39.7

29.1

41.2

29

40.5

29

38.2

28.2

39.5

27.3

40.2

26.1

40.3

25.8

40

25.8

39.7

25.7

39.1

25.7

37.8

25.4

36

24.8

35.5

23.5

35.5

23.4

36.3

23.4

37.9

23.4

37.5

23.2

37.3

23.1

37.3

22.6

37

21.4

36.2

20.6

35.6

20.3

35.2

20

34.9

20

33.4

20

31.3

19.9

30.7

19.3

30.5

18.8

31.8

18.5

32.9

18.5

33

18.3

32.9

17.5

32.7

17.6

31.8

17.6

30.3

17.6

29.7

17.5

28.8

16.9

26.4

16.7

26.6

16.6

25.8

15.1

25.9

14.7

25.9

14.6

28.2

14.6

27.1

14.5

26

14.5

25.3

14.3

23.3

14.2

22.2

13.8

23.3

13.7

22.1

12.5

23.5

12.1

24.9

12.1

25.3

12.1

25.1

11.3

24.8

23.7

23

22.1

21.4

21.6

21.4

21.1

22.2

22.8

22.7

22.5

22

20.6

19.8

19.6

17.8

16.9

18.1

19.2

19.2

19

18.5

17.6

17.6

15.6

15.2

16.6

17.6

17.4

16.7

15.4

15.2

15.9

17.1

16.4

16.5

16.2

16

14.4

14.2

12.2

12.6

13.6

14.1

14.2

13.5

12.1

12.7

13.7

13.5

13.3

11.9

11.1

11

10.1

8.9

9.7

11.3

11.6

10.1

10.4



2002 tw&WS data

		Thalweg Points Converted to EXCEL format												WS 2002 alignment

		Station		Elevation								Station		Elevation

		0		57.2								0		57.1

		20.6		56.9								13.520393		57.5

		34.5		56.2								37.762791		56.5

		40.3		55.13								47.02849		56.5

		45.2		53.6								52.210363		56.5

		50.8		53.3								56.900402		56.5

		57.6		53.5								65.774305		56.5

		66.1		54.8								76.093296		56.4

		75.7		55.8								103.799102		56.1

		93.7		55.8								116.409124		55.9

		111.9		55.6								131.025603		55.9

		115.6		54.1								140.882401		55.9

		119.7		53.2								204.070947		54.9

		126.9		52.8								227.427387		54.7

		131.1		53.7								258.972098		54.4

		138.1		53.8								293.832137		53.9

		149.2		54.6								327.584575		53.8

		157.1		55.4								377.232655		51.5

		184.9		54.9								398.874978		51.2

		198.9		54.4								415.835467		51.1

		218.1		54.5								424.471086		51

		230.8		54.3								463.406582		50.7

		236.4		52.8								501.275342		50.4

		242.1		51.6								530.967268		49.7

		247.6		52.1								550.626509		49.6

		262		52.9								582.231806		49.6

		274.8		53.7								608.048095		49.5

		295.7		52.9								634.498814		49.1

		319.6		53.3								671.339011		48.6

		328.4		53.2								728.626783		47.7

		362.7		51.7								778.006493		46.7

		386.3		51								805.518757		46.8

		391.8		49.6								819.128639		46.8

		396.8		48.1								843.950134		45.8

		403.9		48.2								880.417432		45.2

		411.7		49.8								916.20376		44.7

		424		50.5								939.822831		44.7

		435.1		50.3								955.769355		44.5

		454.9		50.2								997.313939		43.8

		495		50.1								1030.177364		43.4

		530.5		49.3								1046.153952		43.1

		542.2		48.6								1066.23001		42.7

		548.8		47.3								1117.331154		41.9

		561.1		47.1								1147.213701		41.6

		566.7		46.6								1164.721594		41.5

		575.7		47.5								1196.894431		41.5

		587.6		48.5								1231.652795		40.9

		600.9		49								1240.645736		40.7

		623.6		49								1249.521219		40.8

		663.2		48.3								1260.862885		40.8

		709.1		47.8								1269.518122		40.7

		761.4		46.6								1326.679005		39.5

		767.9		45.1								1356.424604		38.5

		775		44.9								1363.837706		38.2

		780.5		45.1								1381.762405		38.3

		784.5		44.1								1398.630144		38.2

		790.5		43.9								1417.744578		38.2

		798.8		44.9								1427.758763		37.9

		811.4		45.7								1436.870559		37.9

		823.6		46.4								1461.800427		37.8

		853.5		45.2								1487.87342		37.2

		905.9		44.3								1521.388502		36.3

		913.7		44.5								1543.381429		35.9

		915.9		42.8								1592.177626		35.6

		925.4		42.1								1616.067662		35.2

		932.9		41.6								1636.358797		33.6

		939.8		43								1675.096615		33.5

		946.5		44.3								1691.750159		33.5

		982		43.7								1704.514792		33.5

		1032		42.8								1757.384921		32.9

		1050		42.5								1781.613707		32.3

		1105.4		41.5								1829.89585		30.8

		1127.7		41.9								1869.936193		30.2

		1148.4		39.7								1896.74134		29.1

		1182.9		41.2								1913.196778		29

		1215.3		40.5								1941.488842		29

		1227.6		38.2								1979.83004		28.2

		1250		39.5								2009.34277		27.3

		1255.9		40.2								2059.576484		26.1

		1268.4		40.3								2089.411808		25.8

		1279.7		40								2121.044654		25.8

		1291		39.7								2142.698501		25.7

		1316.5		39.1								2161.001997		25.7

		1345.6		37.8								2187.781379		25.4

		1356.4		36								2214.302075		24.8

		1362.6		35.5								2269.096891		23.5

		1376.3		35.5								2287.725998		23.4

		1396.5		36.3								2317.308047		23.4

		1415.1		37.9								2345.858995		23.4

		1428.5		37.5								2363.8802		23.2

		1435.1		37.3								2382.89078		23.1

		1462.9		37.3								2413.340871		22.6

		1489.4		37								2446.19425		21.4

		1522		36.2								2490.110561		20.6

		1541.2		35.6								2528.776329		20.3

		1588.1		35.2								2549.752896		20

		1613.8		34.9								2577.904582		20

		1634.1		33.4								2597.50562		20

		1640.4		31.3								2623.162351		19.9

		1652.1		30.7								2644.403994		19.3

		1670.1		30.5								2659.787781		18.8

		1687.2		31.8								2681.711904		18.5

		1700.6		32.9								2716.133383		18.5

		1716.1		33								2739.085695		18.3

		1735.6		32.9								2756.370211		17.5

		1745		32.7								2782.174125		17.6

		1774		31.8								2810.718458		17.6

		1821.7		30.3								2831.554292		17.6

		1862.3		29.7								2874.109943		17.5

		1890.4		28.8								2910.4833		16.9

		1895.3		26.4								2944.856366		16.7

		1907.8		26.6								2978.213752		16.6

		1920.9		25.8								3001.992837		15.1

		1931.5		25.9								3003.949367		14.7

		1942.5		25.9								3025.675797		14.6

		1959.2		28.2								3032.101284		14.6

		2010.1		27.1								3047.691582		14.5

		2043.8		26								3062.458537		14.5

		2086.1		25.3								3068.213947		14.3

		2091.6		23.3								3083.726174		14.2

		2102.7		22.2								3094.894007		13.8

		2121.3		23.3								3113.851589		13.7

		2130.1		22.1								3113.851589		12.5

		2140.2		23.5								3140.305598		12.1

		2148		24.9								3163.604623		12.1

		2156.8		25.3								3179.191692		12.1

		2178.1		25.1								3204.971339		11.3

		2200		24.8

		2241.8		23.7

		2270.6		23

		2282.9		22.1

		2292.5		21.4

		2306.5		21.6

		2323.5		21.4

		2341		21.1

		2356.4		22.2

		2367.5		22.8

		2383.3		22.7

		2400.8		22.5

		2434.9		22

		2464.4		20.6

		2505.8		19.8

		2538.5		19.6

		2558.6		17.8

		2570		16.9

		2580.7		18.1
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2003 TW

		2003 Thalweg Entered from LP Autocad										2003 Thalweg from sampled 2003 surface (TWLP)										2003 Thalweg entered Cad pts.

		Sta		Elevation								Station		Elevation								0		58.4

		0		3557.78		57.78						0.00		3557.785								36.7		57.4

		47.8		3556.12		56.12						42.16		3558.129388								9.1		56.9

		54.1		3553.68		53.68						43.01		3557.28219								17		57

		60.7		3554.3		54.3						47.79		3556.123								22.1		56.9

		71.3		3554.7		54.7						54.06		3553.677								8.1		56.8

		97.6		3556.18		56.18						60.70		3554.303								17.5		56.6

		118.7		3556.14		56.14						71.34		3554.699								25.2		56

		138.7		3555.09		55.09						71.86		3555.002223								24.5		55.9

		166.3		3554.93		54.93						80.26		3555.273645								40.4		55.3

		206.6		3554.49		54.49						89.13		3555.645998								39.8		54.6

		244.7		3553.08		53.08						93.03		3555.880011								18.2		54.6

		252.2		3552.26		52.26						97.61		3556.142								23.9		54.2

		260.7		3552.53		52.53						118.74		3556.144								36.6		53.3

		281.1		3553.4		53.4						126.61		3555.64932								15.4		53.3

		316.1		3551.63		51.63						137.87		3555.034911								56.1		53

		332.6		3552.28		52.28						138.14		3555.05564								15.8		51.6

		390.5		3552.2		52.2						138.14		3555.030586								22.7		51.4

		402.5		3550.5		50.5						138.78		3555.086								47.4		51.1

		414.5		3549.61		49.61						154.62		3554.950511								47		50.9

		440.5		3550.55		50.55						156.75		3554.888419								43.4		50.1

		488.7		3550.14		50.14						166.38		3554.931								28.3		50

		537.8		3550.67		50.67						206.70		3554.485								31		48.9

		547.3		3549.77		49.77						240.34		3555.555021								12.1		48.9

		558.3		3548.81		48.81						241.63		3554.637668								42.9		48.6

		565.9		3547.32		47.32						244.80		3553.084								62.1		47.9

		580.4		3546.97		46.97						252.28		3552.257								45.3		46.4

		599.7		3548.52		48.52						260.74		3552.529								30.3		46.4

		612.7		3549.05		49.05						281.10		3553.397								39.8		46.2

		632.5		3547.44		47.44						291.52		3553.059349								54.2		45.4

		645.8		3547.44		47.44						294.67		3552.915324								36.1		44.6

		689.3		3547.8		47.8						298.05		3552.789985								28.5		44.4

		751.4		3547.3		47.3						300.87		3552.284039								72.3		43.6

		801.5		3545.72		45.72						301.24		3552.258538								67		43

		808.6		3544.64		44.64						301.31		3552.284198								36.1		42.3

		834.3		3545.46		45.46						316.14		3551.625								37.1		42.1

		877.5		3545.14		45.14						332.66		3552.277								37.7		40.9

		927		3545.15		45.15						390.53		3552.205								32.9		40.8

		936.3		3544.09		44.09						402.50		3550.488								19.9		40.8

		943.9		3543.13		43.13						414.47		3549.613								34.9		40.2

		965.3		3543.64		43.64						440.46		3550.549								36.5		40

		990.5		3543.46		43.46						453.84		3550.237533								20.8		39

		1072.7		3543.24		43.24						457.34		3550.13113								8.7		38.6

		1137.8		3542.44		42.44						466.62		3550.095864								17.6		38.3

		1165.5		3542.13		42.13						467.17		3550.242501								24		37.9

		1176.5		3540.84		40.84						470.03		3551.360062								22.4		37.5

		1206.3		3541.01		41.01						488.69		3550.143								20.8		37.6

		1246.4		3540.01		40.01						534.78		3550.960032								22.1		37.4

		1253.9		3538.98		38.98						537.81		3550.671								11.3		37.3

		1264.9		3538.87		38.87						547.30		3549.771								37.1		36.8

		1285.4		3539.87		39.87						558.31		3548.81								57.9		35.5

		1319.1		3539.31		39.31						565.91		3547.32								16.8		35.4

		1361.8		3539.03		39.03						580.39		3546.967								39.6		35

		1382.4		3538.06		38.06						584.28		3547.083002								27		34.1

		1391		3537.55		37.55						599.74		3548.517								16.4		34

		1411.1		3537.65		37.65						612.70		3549.045								14.7		34.1

		1436.8		3537.04		37.04						619.70		3548.671724								11.2		33.7

		1462.3		3535.92		35.92						621.06		3548.606288								51.7		32.5

		1484.2		3536.65		36.65						623.50		3548.358533								19.4		32.2

		1504.7		3535.7		35.7						625.12		3548.256376								43.3		31.9

		1518.3		3536.35		36.35						629.50		3547.950239								41.3		31.2

		1550.1		3536.47		36.47						629.95		3547.935249								33		31

		1616.4		3534.66		34.66						632.55		3547.438								26.1		30.2

		1636.4		3534.6		34.6						645.85		3547.436								27.5		29.3

		1654.5		3534.95		34.95						689.39		3547.801								18.6		29.1

		1673.6		3533.77		33.77						751.45		3547.293								9.6		28.6

		1688.9		3530.86		30.86						776.59		3547.859707								24.1		28.7

		1699.7		3531.82		31.82						795.33		3547.974701								30.9		28.6

		1711.8		3533.28		33.28						797.82		3547.212097								28.2		28.5

		1724.2		3533.13		33.13						801.55		3545.722								44.7		27.8

		1744.9		3532.6		32.6						808.60		3544.639								32.9		26.8

		1773.1		3531.79		31.79						810.49		3546.501537								22.9		26.7

		1792.2		3531.12		31.12						834.25		3545.463								20.4		26.6

		1810.7		3531.04		31.04						875.09		3547.020151								23.4		26.4

		1836.6		3531.03		31.03						877.40		3545.141								49.5		25.6

		1878.6		3530.43		30.43						926.92		3545.15								41.9		25.2

		1908.7		3530.27		30.27						936.24		3544.085								38		24.5

		1936.9		3529.9		29.9						943.82		3543.128								24.2		23.7

		1948.6		3528.89		28.89						949.36		3543.365245								15.4		23.6

		1958.7		3527.44		27.44						960.60		3543.649392								15.5		23.5

		1977.8		3528.04		28.04						962.65		3543.645727								13.1		23.3

		1989		3526.65		26.65						965.18		3543.644								15.7		23.2

		1998.9		3526.37		26.37						990.41		3543.46								13.4		23.2

		2008.9		3526.63		26.63						992.19		3544.43494								36.4		22.6

		2015		3527.68		27.68						993.31		3544.868974								15.7		22.5

		2045.6		3527.59		27.59						1043.41		3544.402184								23.3		22.3

		2071.6		3527.74		27.74						1068.81		3543.730702								16.5		22.2

		2121.2		3527.01		27.01						1072.65		3543.235								31.1		22.1

		2158.4		3526.14		26.14						1087.32		3544.195788								45.2		21.4

		2162.9		3525.15		25.15						1137.76		3542.437								34.3		20.7

		2175.7		3524.75		24.75						1165.42		3542.126								10.9		20.5

		2206.7		3525.65		25.65						1176.40		3540.835								28.3		20.5

		2259.8		3524.41		24.41						1206.19		3541.008								46.5		18.9

		2297.8		3524.54		24.54						1244.26		3540.928316								42.5		18.7

		2337		3523.77		23.77						1246.32		3540.006								18.8		18.3

		2358.7		3521.7		21.7						1253.80		3538.984								12.4		18.3

		2371.7		3522.14		22.14						1261.74		3538.654645								18.8		18.3

		2402.6		3521.01		21.01						1264.73		3538.868								22.3		18.1

		2415.3		3521.39		21.39						1273.72		3539.418933								16.2		17.8

		2428.8		3522.57		22.57						1274.27		3539.270027								22.1		17.5

		2465.3		3521.47		21.47						1275.28		3539.305155								26.4		17.1

		2482.3		3520.92		20.92						1275.99		3539.345055								45.9		15.7

		2506.7		3520.72		20.72						1285.23		3539.874								31.8		15.8

		2526.9		3521.21		21.21						1294.09		3539.821256								31.1		15.7

		2553.5		3521.39		21.39						1302.88		3539.696448								41.7		15.7

		2597.3		3520.66		20.66						1303.94		3539.679371								20.2		14.8

		2627.9		3520.1		20.1						1304.07		3539.670257								21.1		14.4

		2633.1		3518.64		18.64						1318.90		3539.306								17.9		14.3

		2642.7		3518.34		18.34						1361.60		3539.035								32.4		14

		2664.9		3519.74		19.74						1382.17		3538.06								15.6		13.3

		2715.8		3517.73		17.73						1390.78		3537.555								15.2		13.2

		2758.9		3517.72		17.72						1410.92		3537.65								17.9		13.1

		2781.8		3516.63		16.63						1436.58		3537.037								23.3		12.8

		2793.5		3514.91		14.91						1448.54		3536.640342								25.4		12.9

		2812.8		3516.64		16.64						1450.48		3536.469262								24.6		12.8

		2836		3517.36		17.36						1454.97		3536.312257								30.6		12.5

		2877		3516.65		16.65						1462.10		3535.918

		2902.9		3516.46		16.46						1483.98		3536.645

		2950.5		3514.58		14.58						1504.50		3535.698

		2982		3514.43		14.43						1518.06		3536.354

		3011		3514.74		14.74						1549.86		3536.469

		3046.8		3514.74		14.74						1567.03		3537.6221

		3071.6		3513.87		13.87						1583.36		3538.08748

		3109.7		3513.22		13.22						1596.24		3537.314821

		3136.8		3512.66		12.66						1616.17		3534.655

		3155.1		3512.08		12.08						1636.21		3534.602

		3169.4		3511.7		11.7						1654.35		3534.945

		3190.9		3512.11		12.11						1673.47		3533.767

		3217.1		3511.28		11.28						1688.73		3530.863

		3232.6		3511.57		11.57						1699.55		3531.815

		3260.8		3512.24		12.24						1711.66		3533.279

		3285.6		3512.11		12.11						1724.11		3533.128

		3297.2		3512.53		12.53						1744.77		3532.603

												1773.00		3531.787
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												1789.75		3531.216276

												1792.05		3531.123

												1810.53		3531.041

												1836.47		3531.026
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												3225.90		3511.474433
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