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Conceptual model of the changing relationship between juvenile 
salmonid habitat, sediment berms, and riparian encroachment 



Conceptual plant life history



Window of Opportunity



Trinity River at Lewiston Hydrographs 

Pre-TRD

Post-TRD

Maintenance Flow Study



Daily average summer 
baseflows at Lewiston



Conceptual model (not to scale) of vegetation dynamics before 
and after TRD dams and diversions



Poker Bar shear stress fields for Q=2,700 ft3/s 
and 6,400 ft3/s
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6/92 ground surface
6,500 cfs water surface
3,000 cfs water surface
3,000 cfs shear stress field
6,500 cfs shear stress field

Riparian berm

Riparian berm

Left bank looking downstream Right bank

120 ft
~11.5 ft


Wilcock data

		Station (m)		75.6 cms shear stress field				Station (m)		164 cms shear stress field				Station (m)		6/92 ground surface				Station (m)		164 cms water surface		Station (m)		75.6 cms water surface																Station (ft)		3,000 cfs shear stress field				Station (ft)		6,500 cfs shear stress field				Station (ft)		6/92 ground surface				Station (ft)		6,500 cfs water surface		Station (ft)		3,000 cfs water surface

		14		8				11.9		4				0		0.18				0		-0.1		6		-0.95																45.9		8.0				39.0		4.0				0.0		0.5905511811				0.0		-0.33		19.7		-3.12

		16.8		12.5				16.9		26				1		-0.5				57		-0.1		52		-0.95																55.1		12.5				55.4		26.0				3.3		-1.6404199475				187.0		-0.33		170.6		-3.12

		20		12				25		33.5				2		-0.8																										65.6		12.0				82.0		33.5				6.6		-2.624671916

		23		15.5				27.9		34.9				2.1		-1.12																										75.5		15.5				91.5		34.9				6.9		-3.6745406824

		26		21				31		33				3.5		-1.12																										85.3		21.0				101.7		33.0				11.5		-3.6745406824

		27.6		20.8				34		34				4		-0.92																										90.6		20.8				111.5		34.0				13.1		-3.0183727034

		30		19.7				40		27				5.2		-0.92																										98.4		19.7				131.2		27.0				17.1		-3.0183727034

		32		16.5				43.2		23				6.1		-1.18																										105.0		16.5				141.7		23.0				20.0		-3.8713910761

		34.8		18.5				50.7		0				6.8		-1.52																										114.2		18.5				166.3		0.0				22.3		-4.9868766404

		37.6		18.8										8		-1.96																										123.4		18.8										26.2		-6.4304461942

		41		18.4										8.5		-1.84																										134.5		18.4										27.9		-6.0367454068

		44		11										9.2		-1.6																										144.4		11.0										30.2		-5.249343832

		46.9		6.5										10.6		-1.48																										153.9		6.5										34.8		-4.8556430446

		48		3										12		-1.6																										157.5		3.0										39.4		-5.249343832

														13		-1.84																																						42.7		-6.0367454068

														13.1		-2.42																																						43.0		-7.9396325459

														14		-2.52																																						45.9		-8.2677165354

														14.2		-2.52																																						46.6		-8.2677165354

														14.8		-2.52																																						48.6		-8.2677165354

														16		-2.54																																						52.5		-8.3333333333

														16.6		-2.58																																						54.5		-8.4645669291

														19		-2.6																																						62.3		-8.530183727

														20		-2.56																																						65.6		-8.3989501312

														21		-2.48																																						68.9		-8.1364829396

														23		-2.48																																						75.5		-8.1364829396

														24		-2.38																																						78.7		-7.8083989501

														26		-2.28																																						85.3		-7.4803149606

														26.8		-2.3																																						87.9		-7.5459317585

														28		-2.28																																						91.9		-7.4803149606

														30		-2.5																																						98.4		-8.2020997375

														32		-2.56																																						105.0		-8.3989501312

														34		-2.72																																						111.5		-8.9238845144

														36		-2.78																																						118.1		-9.1207349081

														38		-2.76																																						124.7		-9.0551181102

														39		-2.8																																						128.0		-9.186351706

														40		-2.86																																						131.2		-9.3832020997

														43.5		-3.2																																						142.7		-10.498687664

														46		-3.58																																						150.9		-11.7454068241

														47		-3.58																																						154.2		-11.7454068241

														48		-3.58																																						157.5		-11.7454068241

														50.4		-2.88																																						165.4		-9.4488188976

														50.5		-1.84																																						165.7		-6.0367454068

														51		-1.5																																						167.3		-4.9212598425

														53		-0.84																																						173.9		-2.7559055118

														54.9		-0.68																																						180.1		-2.2309711286

														56		-0.48																																						183.7		-1.5748031496

														57.1		-0.42																																						187.3		-1.3779527559





Wilcock data

		



6/13-16/92, Q=164

5/30/91, Q=75.6

Cross-section Distance (m)

Elevation (m)



Wilcock chart(ft)

		0		45.9317585302		39.0419947507		0		19.6850393701

		3.280839895		55.1181102362		55.4461942257		187.0078740157		170.6036745407

		6.56167979		65.6167979003		82.0209973753

		6.8897637795		75.4593175853		91.5354330709

		11.4829396325		85.3018372703		101.7060367454

		13.1233595801		90.5511811024		111.5485564304

		17.0603674541		98.4251968504		131.2335958005

		20.0131233596		104.9868766404		141.7322834646

		22.3097112861		114.1732283465		166.3385826772

		26.2467191601		123.3595800525

		27.8871391076		134.5144356955

		30.1837270341		144.3569553806

		34.7769028871		153.8713910761

		39.3700787402		157.4803149606

		42.6509186352

		42.9790026247

		45.9317585302

		46.5879265092

		48.5564304462

		52.4934383202

		54.4619422572

		62.3359580052

		65.6167979003

		68.8976377953

		75.4593175853

		78.7401574803

		85.3018372703

		87.9265091864

		91.8635170604

		98.4251968504

		104.9868766404

		111.5485564304

		118.1102362205

		124.6719160105

		127.9527559055

		131.2335958005

		142.7165354331

		150.9186351706

		154.1994750656

		157.4803149606

		165.3543307087

		165.6824146982

		167.3228346457

		173.8845144357

		180.1181102362

		183.7270341207



Riparian berm

Riparian berm

Left bank looking downstream

Right bank

6/92 ground surface

3,000 cfs shear stress field

6,500 cfs shear stress field

6,500 cfs water surface

3,000 cfs water surface

Distance (ft)

Relative elevation (ft)

Shear stress (Pascals)

0.5905511811

8

4

-0.3280839895

-3.1167979003

-1.6404199475

12.5

26

-0.3280839895

-3.1167979003

-2.624671916

12

33.5

-3.6745406824

15.5

34.9

-3.6745406824

21

33

-3.0183727034

20.8

34

-3.0183727034

19.7

27

-3.8713910761

16.5

23

-4.9868766404

18.5

0

-6.4304461942

18.8

-6.0367454068

18.4

-5.249343832

11

-4.8556430446

6.5

-5.249343832

3

-6.0367454068

-7.9396325459

-8.2677165354

-8.2677165354

-8.2677165354

-8.3333333333

-8.4645669291

-8.530183727

-8.3989501312

-8.1364829396

-8.1364829396

-7.8083989501

-7.4803149606

-7.5459317585

-7.4803149606

-8.2020997375

-8.3989501312

-8.9238845144

-9.1207349081

-9.0551181102

-9.186351706

-9.3832020997

-10.498687664

-11.7454068241

-11.7454068241

-11.7454068241

-9.4488188976

-6.0367454068

-4.9212598425

-2.7559055118

-2.2309711286

-1.5748031496



Sheridan Data

		Station (m)		1996 ground surface				Station (m)		153 cms shear stress field				Station (m)		80.4 cms shear stress field				Station (m)		58.6 cms shear stress field						Station (m)		153 cms water surface		Station (m)		80.4 cms water surface		Station (m)		58.6 cms water surface

		-33.528		33.2116176		58.6236193713		81.3816		0.0				70.2564		1.0468175862				64.4652		0						0		30.031944		3.048		29.385768		3.048		29.190696

		-13.4112		32.165544				71.628		0.0				69.1896		2.1766391817				62.7888		0						79.248		30.031944		70.104		29.385768		54.864		29.190696

		-7.3152		31.848552				69.4944		5.5				67.6656		3.7905637429				61.1124		0

		-4.2672		31.0896				65.8368		12.5				66.1416		5.345421113				55.1688		0

		-2.7432		30.516576				62.1792		16.6				64.008		7.325666276				42.0624		0.0943178424

		-1.2192		30.117288				58.5216		18.6				61.5696		9.1958297192				40.5384		1.3478242924

		1.524		30.031944				54.864		19.4				58.5216		10.8363164958				38.1		3.40500165

		4.2672		28.812744				51.2064		19.5				56.0832		11.5822082178				35.6616		5.348478438

		4.8768		27.715464				47.5488		19.6				53.0352		11.8920299363				33.2232		7.1154583684

		7.0104		27.715464				43.8912		20.0				49.9872		11.6923617652				30.7848		8.758721166

		8.8392		27.776424				40.2336		20.8				46.9392		11.2416102524				28.3464		10.4049416724

		10.668		27.684984				37.1856		21.9				43.8912		10.8328888261				25.908		12.21300895

		12.192		27.654504				34.1376		23.3				40.8432		10.7609097942				24.0792		13.7666895094

		13.716		27.654504				31.0896		25.0				37.7952		11.2888763447				22.2504		15.5425880824

		15.24		27.745944				28.956		26.2				35.3568		12.2796768232				20.4216		17.560710373

		16.764		27.745944				27.432		27.0				32.9184		13.8415838285				19.2024		19.0345911174

		18.4404		27.837384				25.908		27.7				30.48		15.98189027				17.9832		20.5943327034

		20.1168		27.898344				24.384		28.4				28.6512		17.9365765705				16.764		22.213930075

		21.336		27.959304				22.86		28.9				26.8224		20.1382287825				15.5448		23.855715021

		22.86		28.050744				21.336		29.3				24.9936		22.5120557595				14.3256		25.469053647

		24.384		28.142184				20.1168		29.3				23.1648		24.9551543109				13.1064		26.9890438474

		25.908		28.233624				18.4404		29.1				21.336		27.333934724				11.8872		28.3352127774

		27.432		28.386024				16.764		28.5				19.5072		29.481546286				10.668		29.410214325

		28.956		28.507944				15.24		27.5				17.6784		31.1953028057				9.4488		30.098526583

		31.0896		28.660344				13.716		26.0				15.8496		32.2341081356				8.2296		30.265149321

		34.1376		28.751784				12.192		23.9				14.0208		32.3158816939				7.0104		29.7543014574

		37.1856		28.843224				10.668		21.2				12.192		31.114983986				5.7912		28.3881185314

		40.2336		28.934664				8.8392		16.9				10.3632		28.259642127				4.572		25.965350175

		43.8912		29.056584				7.0104		11.4				8.5344		23.3293753632				3.6576		23.319938364

		47.5488		29.117544				4.8768		3.3				6.7056		15.8524205941				2.1336		17.020310995

		51.2064		29.178504				4.2672		0.0				4.8768		5.3031578944				0.9144		9.9668871474

		54.864		29.239464				1.524		0.0				3.9624		-1.3032051945				-0.3048		0.7919667654

		58.5216		29.269944

		62.1792		29.300424

		65.8368		29.239464

		69.4944		29.300424

		71.628		29.605224

		81.3816		30.031944

		86.2584		30.223968

		87.7824		30.345888

		89.3064		30.455616

		90.8304		30.589728

		92.3544		30.635448

		93.8784		30.650688

		95.4024		30.562296

		96.9264		30.443424

		98.4504		30.431232

		99.9744		30.608016

		101.4984		30.821376

		103.0224		30.827472

		104.5464		30.943296

		106.0704		31.046928

		108.8136		31.177992

		152.4		33.2604533333





Sheridan chart (m)

		-13.4112		81.3816		70.2564		55.1688		0		3.048		3.048

		-7.3152		71.628		69.1896		42.0624		79.248		70.104		54.864

		-4.2672		69.4944		67.6656		40.5384

		-2.7432		65.8368		66.1416		38.1

		-1.2192		62.1792		64.008		35.6616

		1.524		58.5216		61.5696		33.2232

		4.2672		54.864		58.5216		30.7848

		4.8768		51.2064		56.0832		28.3464

		7.0104		47.5488		53.0352		25.908

		8.8392		43.8912		49.9872		24.0792

		10.668		40.2336		46.9392		22.2504

		12.192		37.1856		43.8912		20.4216

		13.716		34.1376		40.8432		19.2024

		15.24		31.0896		37.7952		17.9832

		16.764		28.956		35.3568		16.764

		18.4404		27.432		32.9184		15.5448

		20.1168		25.908		30.48		14.3256

		21.336		24.384		28.6512		13.1064

		22.86		22.86		26.8224		11.8872

		24.384		21.336		24.9936		10.668

		25.908		20.1168		23.1648		9.4488

		27.432		18.4404		21.336		8.2296

		28.956		16.764		19.5072		7.0104

		31.0896		15.24		17.6784		5.7912

		34.1376		13.716		15.8496		4.572

		37.1856		12.192		14.0208		3.6576

		40.2336		10.668		12.192		2.1336

		43.8912		8.8392		10.3632		0.9144

		47.5488		7.0104		8.5344		-0.3048

		51.2064		4.8768		6.7056

		54.864		4.2672		4.8768

		58.5216				3.9624

		62.1792

		65.8368

		69.4944

		71.628

		81.3816

		86.2584

		87.7824

		89.3064

		90.8304

		92.3544

		93.8784

		95.4024

		96.9264

		98.4504

		99.9744

		101.4984

		103.0224

		104.5464

		106.0704

		108.8136



Riparian berm

Newly formed point bar
(cobbles and gravels)

Developing floodplain
(fine sands and silts)

Left bank looking downstream

Right bank

1996 ground surface

153 cms shear stress field

80.4 cms shear stress field

58.6 cms shear stress field

153 cms water surface

80.4 cms water surface

58.6 cms water surface

Distance (m)

Relative elevation (m)

Shear stress (Pa)

32.165544

0

1.0468175862

0

30.031944

29.385768

29.190696

31.848552

0

2.1766391817

0.0943178424

30.031944

29.385768

29.190696

31.0896

5.51938392

3.7905637429

1.3478242924

30.516576

12.52146624

5.345421113

3.40500165

30.117288

16.56592968

7.325666276

5.348478438

30.031944

18.5845464

9.1958297192

7.1154583684

28.812744

19.364766

10.8363164958

8.758721166

27.715464

19.54971552

11.5822082178

10.4049416724

27.715464

19.63819944

11.8920299363

12.21300895

27.776424

19.98469968

11.6923617652

13.7666895094

27.684984

20.7993756

11.2416102524

15.5425880824

27.654504

21.8877428

10.8328888261

17.560710373

27.654504

23.311044

10.7609097942

19.0345911174

27.745944

24.9612192

11.2888763447

20.5943327034

27.745944

26.15899025

12.2796768232

22.213930075

27.837384

26.985858

13.8415838285

23.855715021

27.898344

27.74985075

15.98189027

25.469053647

27.959304

28.411796

17.9365765705

26.9890438474

28.050744

28.92817125

20.1382287825

28.3352127774

28.142184

29.251104

22.5120557595

29.410214325

28.233624

29.33522424

24.9551543109

30.098526583

28.386024

29.1412018606

27.333934724

30.265149321

28.507944

28.51527225

29.481546286

29.7543014574

28.660344

27.49871

31.1953028057

28.3881185314

28.751784

25.98409275

32.2341081356

25.965350175

28.843224

23.897448

32.3158816939

23.319938364

28.934664

21.16045325

31.114983986

17.020310995

29.056584

16.90088843

28.259642127

9.9668871474

29.117544

11.43441497

23.3293753632

0.7919667654

29.178504

3.31731024

15.8524205941

29.239464

0

5.3031578944

29.269944

-1.3032051945

29.300424

29.239464

29.300424

29.605224

30.031944

30.223968

30.345888

30.455616

30.589728

30.635448

30.650688

30.562296

30.443424

30.431232

30.608016

30.821376

30.827472

30.943296

31.046928

31.177992



Steiner chart (ft)

		177.842519685		155.842519685		160		164		118		0		0

		166.842519685		149.842519685		152		156		112		175		162

		161.842519685		143.842519685		144		148		104

		155.842519685		137.842519685		136		138		100

		149.842519685		131.842519685		128		130		94

		143.842519685		125.842519685		120		122		88

		137.842519685		120.842519685		112		114		82

		131.842519685		114.842519685		104		106		76

		125.842519685		107.842519685		98		98		70

		120.842519685		102.842519685		94		90		64

		114.842519685		97.842519685		90		84		54

		107.842519685		93.042519685		86		78		51

		102.842519685		87.842519685		82		74		48

		97.842519685		83.842519685		78		68		45

		93.042519685		79.842519685		74		62		41

		87.842519685		75.842519685		70		56		38

		83.842519685		71.842519685		66		50		35

		79.842519685		67.842519685		62		44		32

		75.842519685		63.842519685		58		40		29

		71.842519685		59.842519685		54		36		25

		67.842519685		55.842519685		48		32		22

		63.842519685		51.842519685		42		26		18

		59.842519685		47.842519685		36		20		15

		55.842519685		43.842519685		30		14		12

		51.842519685		39.842519685		23		6.5		8

		47.842519685		35.842519685		18				5

		43.842519685		31.842519685		13				3

		39.842519685		27.842519685		4

		35.842519685		23.842519685

		31.842519685		19.842519685

		27.842519685		15.842519685

		23.842519685		12.842519685

		19.842519685		8.842519685

		15.842519685		4.842519685

		12.842519685

		8.842519685

		4.842519685

		-3.157480315



Left bank looking downstream

Right bank

6/96 Ground surface

145 cms shear stress field

114 cms shear stress field

71 cms shear stress field

52 cms shear stress field

5,100 cfs water surface elevation

1,850 cfs water surface elevation

Distance (ft)

Relative elevation (ft)

Shear Stress (Pascals)

98.61

0

0

0

0

98.61

95.71

96.41

2.9891646214

5.6838438119

0

4.130200294

98.61

95.71

95.61

9.1973198494

12.9673105257

7.3746998491

14.3670506365

95.51

16.1638404355

21.6134223042

11.4921780209

19.1430024107

95.51

23.1331288465

29.8308108932

16.7039416587

25.3513474518

95.31

29.5594994384

36.5338712556

22.2405105477

30.1939097145

95.11

34.2348398801

41.2230766738

27.3459305989

33.6988050052

95.11

38.84511153

43.8652938519

31.6548019789

36.1125216729

95.11

42.7486591619

44.6825952768

35.1001103604

37.8129478066

95.36

44.5908146308

44.7905257591

37.8210581713

39.2223984335

94.91

45.7215128483

44.6381921985

39.537064428

41.900337218

94.94

46.2329321861

44.3079893504

41.1067919891

42.9034516215

94.56

46.2810380523

43.8834104106

42.1247530704

43.9993528993

94.31

46.0524224072

43.4453068633

43.6649997162

45.1589234294

94.16

45.6697166971

43.0681483272

45.2442615541

46.7110936359

94.03

45.1998903106

42.8162824028

46.8199636261

47.7740048848

94.11

44.7037067333

42.7401945194

48.2543840169

48.6251066574

93.91

44.2324359627

42.8727677818

49.2927817776

49.1177603903

93.71

43.8245669234

43.2255428176

49.5770239236

49.0709595695

93.56

43.5025198823

43.7849776238

49.358190065

47.7867763256

93.1

43.2693588637

44.9101422739

48.4462179878

45.5639231647

93.06

43.1055040646

46.1130379636

45.2698306842

40.3209500798

92.76

42.9654442697

46.9161123035

39.0708250917

34.2004989533

92.28

42.7744492667

46.6201594629

28.681283947

25.7345198924

91.61

42.4252822613

43.604203386

7.6185649166

9.9611396526

91.26

41.7749122924

38.6556709904

0

91.08

40.6412266477

30.3723841069

0

90.86

38.7997432779

0

90.53

35.9803232128

90.36

31.8638829761

90.51

26.0791070005

90.76

20.3910917279

90.71

10.6244032682

90.76

0

90.56

91.41

91.41

98.61



Wilcock chart(m)

		0		14		11.9		0		6

		1		16.8		16.9		57		52

		2		20		25

		2.1		23		27.9

		3.5		26		31

		4		27.6		34

		5.2		30		40

		6.1		32		43.2

		6.8		34.8		50.7

		8		37.6

		8.5		41

		9.2		44

		10.6		46.9

		12		48

		13

		13.1

		14

		14.2

		14.8

		16

		16.6

		19

		20

		21

		23

		24

		26

		26.8

		28

		30

		32

		34

		36

		38

		39

		40

		43.5

		46

		47

		48

		50.4

		50.5

		51

		53

		54.9

		56



Riparian berm

Riparian berm

Left bank looking downstream

Right bank

6/92 ground surface

75.6 cms shear stress field

164 cms shear stress field

164 cms water surface

75.6 cms water surface

Distance (meters)

Relative elevation (meters)

Shear stress (Pascals)

0.18

8

4

-0.1

-0.95

-0.5

12.5

26

-0.1

-0.95

-0.8

12

33.5

-1.12

15.5

34.9

-1.12

21

33

-0.92

20.8

34

-0.92

19.7

27

-1.18

16.5

23

-1.52

18.5

0

-1.96

18.8

-1.84

18.4

-1.6

11

-1.48

6.5

-1.6

3

-1.84

-2.42

-2.52

-2.52

-2.52

-2.54

-2.58

-2.6

-2.56

-2.48

-2.48

-2.38

-2.28

-2.3

-2.28

-2.5

-2.56

-2.72

-2.78

-2.76

-2.8

-2.86

-3.2

-3.58

-3.58

-3.58

-2.88

-1.84

-1.5

-0.84

-0.68

-0.48



Steiner chart (m)

		47.5008		48.768		49.9872		35.9664		54.2064		0		0

		45.672		46.3296		47.5488		34.1376		50.8536		53.34		49.3776

		43.8432		43.8912		45.1104		31.6992		49.3296

		42.0144		41.4528		42.0624		30.48		47.5008

		40.1856		39.0144		39.624		28.6512		45.672

		38.3568		36.576		37.1856		26.8224		43.8432

		36.8328		34.1376		34.7472		24.9936		42.0144

		35.004		31.6992		32.3088		23.1648		40.1856

		32.8704		29.8704		29.8704		21.336		38.3568

		31.3464		28.6512		27.432		19.5072		36.8328

		29.8224		27.432		25.6032		16.4592		35.004

		28.35936		26.2128		23.7744		15.5448		32.8704

		26.7744		24.9936		22.5552		14.6304		31.3464

		25.5552		23.7744		20.7264		13.716		29.8224

		24.336		22.5552		18.8976		12.4968		28.35936

		23.1168		21.336		17.0688		11.5824		26.7744

		21.8976		20.1168		15.24		10.668		25.5552

		20.6784		18.8976		13.4112		9.7536		24.336

		19.4592		17.6784		12.192		8.8392		23.1168

		18.24		16.4592		10.9728		7.62		21.8976

		17.0208		14.6304		9.7536		6.7056		20.6784

		15.8016		12.8016		7.9248		5.4864		19.4592

		14.5824		10.9728		6.096		4.572		18.24

		13.3632		9.144		4.2672		3.6576		17.0208

		12.144		7.0104		1.9812		2.4384		15.8016

		10.9248		5.4864				1.524		14.5824

		9.7056		3.9624				0.9144		13.3632

		8.4864		1.2192						12.144

		7.2672								10.9248

		6.048								9.7056

		4.8288								8.4864

		3.9144								7.2672

		2.6952								6.048

		1.476								4.8288

										3.9144

										2.6952

										1.476

										-0.9624



Left bank looking downstream

Right bank

145 cms shear stress field

114 cms shear stress field

71 cms shear stress field

52 cms shear stress field

6/96 Ground surface

144 cms water surface elevation

52 cms water surface elevation

Distance (meters)

Relative elevation (meters)

Shear Stress (Pascals)

0

0

0

0

30.056328

30.056328

29.172408

2.9891646214

5.6838438119

0

4.130200294

29.385768

30.056328

29.172408

9.1973198494

12.9673105257

7.3746998491

14.3670506365

29.141928

16.1638404355

21.6134223042

11.4921780209

19.1430024107

29.111448

23.1331288465

29.8308108932

16.7039416587

25.3513474518

29.111448

29.5594994384

36.5338712556

22.2405105477

30.1939097145

29.050488

34.2348398801

41.2230766738

27.3459305989

33.6988050052

28.989528

38.84511153

43.8652938519

31.6548019789

36.1125216729

28.989528

42.7486591619

44.6825952768

35.1001103604

37.8129478066

28.989528

44.5908146308

44.7905257591

37.8210581713

39.2223984335

29.065728

45.7215128483

44.6381921985

39.537064428

41.900337218

28.928568

46.2329321861

44.3079893504

41.1067919891

42.9034516215

28.937712

46.2810380523

43.8834104106

42.1247530704

43.9993528993

28.821888

46.0524224072

43.4453068633

43.6649997162

45.1589234294

28.745688

45.6697166971

43.0681483272

45.2442615541

46.7110936359

28.699968

45.1998903106

42.8162824028

46.8199636261

47.7740048848

28.660344

44.7037067333

42.7401945194

48.2543840169

48.6251066574

28.684728

44.2324359627

42.8727677818

49.2927817776

49.1177603903

28.623768

43.8245669234

43.2255428176

49.5770239236

49.0709595695

28.562808

43.5025198823

43.7849776238

49.358190065

47.7867763256

28.517088

43.2693588637

44.9101422739

48.4462179878

45.5639231647

28.37688

43.1055040646

46.1130379636

45.2698306842

40.3209500798

28.364688

42.9654442697

46.9161123035

39.0708250917

34.2004989533

28.273248

42.7744492667

46.6201594629

28.681283947

25.7345198924

28.126944

42.4252822613

43.604203386

7.6185649166

9.9611396526

27.922728

41.7749122924

38.6556709904

0

27.816048

40.6412266477

30.3723841069

0

27.761184

38.7997432779

0

27.694128

35.9803232128

27.593544

31.8638829761

27.541728

26.0791070005

27.587448

20.3910917279

27.663648

10.6244032682

27.648408

0

27.663648

27.602688

27.861768

27.861768

30.056328



Steiner data

				Station (m)		Station (ft)		6/96 Ground surface		6/96 Ground surface				145 cms shear stress field				Station (m)		Station (ft)		114 cms shear stress field				Station (m)		Station (ft)		71 cms shear stress field				Station (m)		Station (ft)		52 cms shear stress field								Distance		5,100 cfs water surface elevation						1,850 cfs water surface elevation

				54.2		177.8		98.61		30.056328				0				53.0352		174.0		0				50.7		166.2		0.00				48.768		160.0		0								0		98.61				0		95.71

				50.9		166.8		96.41		29.385768				0				51.816		170.0		0				50.0		164.0		0.00				44.501		146.0		0								175		98.61				162		95.71

				49.3		161.8		95.61		29.141928				0				50.5968		166.0		0				47.5		156.0		0.00				43.891		144.0		0

				47.5		155.8		95.51		29.111448				0				48.768		160.0		0				45.1		148.0		7.37				42.367		139.0		0								Distance		144 cms water surface elevation						52 cms water surface elevation

				45.7		149.8		95.51		29.111448				2.9891646214				46.3296		152.0		5.6838438119				42.1		138.0		11.49				40.538		133.0		0								0		30.056328				0		29.172408

				43.8		143.8		95.31		29.050488				9.1973198494				43.8912		144.0		12.9673105257				39.6		130.0		16.70				38.100		125.0		0								53.34		30.056328				49.3776		29.172408

				42.0		137.8		95.11		28.989528				16.1638404355				41.4528		136.0		21.6134223042				37.2		122.0		22.24				35.966		118.0		0

				40.2		131.8		95.11		28.989528				23.1331288465				39.0144		128.0		29.8308108932				34.7		114.0		27.35				34.138		112.0		4.130200294

				38.4		125.8		95.11		28.989528				29.5594994384				36.576		120.0		36.5338712556				32.3		106.0		31.65				31.699		104.0		14.3670506365

				36.8		120.8		95.36		29.065728				34.2348398801				34.1376		112.0		41.2230766738				29.9		98.0		35.10				30.480		100.0		19.1430024107

				35.0		114.8		94.91		28.928568				38.84511153				31.6992		104.0		43.8652938519				27.4		90.0		37.82				28.651		94.0		25.3513474518

				32.9		107.8		94.94		28.937712				42.7486591619				29.8704		98.0		44.6825952768				25.6		84.0		39.54				26.822		88.0		30.1939097145

				31.3		102.8		94.56		28.821888				44.5908146308				28.6512		94.0		44.7905257591				23.8		78.0		41.11				24.994		82.0		33.6988050052

				29.8		97.8		94.31		28.745688				45.7215128483				27.432		90.0		44.6381921985				22.6		74.0		42.12				23.165		76.0		36.1125216729

				28.4		93.0		94.16		28.699968				46.2329321861				26.2128		86.0		44.3079893504				20.7		68.0		43.66				21.336		70.0		37.8129478066

				26.8		87.8		94.03		28.660344				46.2810380523				24.9936		82.0		43.8834104106				18.9		62.0		45.24				19.507		64.0		39.2223984335

				25.6		83.8		94.11		28.684728				46.0524224072				23.7744		78.0		43.4453068633				17.1		56.0		46.82				16.459		54.0		41.900337218

				24.3		79.8		93.91		28.623768				45.6697166971				22.5552		74.0		43.0681483272				15.2		50.0		48.25				15.545		51.0		42.9034516215

				23.1		75.8		93.71		28.562808				45.1998903106				21.336		70.0		42.8162824028				13.4		44.0		49.29				14.630		48.0		43.9993528993

				21.9		71.8		93.56		28.517088				44.7037067333				20.1168		66.0		42.7401945194				12.2		40.0		49.58				13.716		45.0		45.1589234294

				20.7		67.8		93.1		28.37688				44.2324359627				18.8976		62.0		42.8727677818				11.0		36.0		49.36				12.497		41.0		46.7110936359

				19.5		63.8		93.06		28.364688				43.8245669234				17.6784		58.0		43.2255428176				9.8		32.0		48.45				11.582		38.0		47.7740048848

				18.2		59.8		92.76		28.273248				43.5025198823				16.4592		54.0		43.7849776238				7.9		26.0		45.27				10.668		35.0		48.6251066574

				17.0		55.8		92.28		28.126944				43.2693588637				14.6304		48.0		44.9101422739				6.1		20.0		39.07				9.754		32.0		49.1177603903

				15.8		51.8		91.61		27.922728				43.1055040646				12.8016		42.0		46.1130379636				4.3		14.0		28.68				8.839		29.0		49.0709595695

				14.6		47.8		91.26		27.816048				42.9654442697				10.9728		36.0		46.9161123035				2.0		6.5		7.62				7.620		25.0		47.7867763256

				13.4		43.8		91.08		27.761184				42.7744492667				9.144		30.0		46.6201594629				0.8		2.7		0.00				6.706		22.0		45.5639231647

				12.1		39.8		90.86		27.694128				42.4252822613				7.0104		23.0		43.604203386												5.486		18.0		40.3209500798

				10.9		35.8		90.53		27.593544				41.7749122924				5.4864		18.0		38.6556709904												4.572		15.0		34.2004989533

				9.7		31.8		90.36		27.541728				40.6412266477				3.9624		13.0		30.3723841069												3.658		12.0		25.7345198924

				8.5		27.8		90.51		27.587448				38.7997432779				1.2192		4.0		0												2.438		8.0		9.9611396526

				7.3		23.8		90.76		27.663648				35.9803232128				-0.9144		-3.0		0												1.524		5.0		0

				6.0		19.8		90.71		27.648408				31.8638829761																				0.914		3.0		0

				4.8		15.8		90.76		27.663648				26.0791070005

				3.9		12.8		90.56		27.602688				20.3910917279

				2.7		8.8		91.41		27.861768				10.6244032682

				1.5		4.8		91.41		27.861768				0

				-1.0		-3.2		98.61		30.056328				0







WY 1995 to WY 2004 hydrographs and water year 
sequencing (n= 10 yrs)
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Lewiston Douglas City Junction City
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6/96 Ground surface
6,700 cfs water surface elevation
1,850 cfs water surface elevation
5,100 cfs shear stress field
4,000 cfs shear stress field
2,500 cfs shear stress field
1,850 cfs shear stress field
6,700 cfs shear stress field

Left bank looking downstream Right bank

Steiner Flat shear stress fields for Q=1,850 ft3/s 
to 6,700 ft3/s

180 ft

~8.25 ft


Wilcock data

		Station (m)		75.6 cms shear stress field				Station (m)		164 cms shear stress field				Station (m)		6/92 ground surface				Station (m)		164 cms water surface		Station (m)		75.6 cms water surface																Station (ft)		3,000 cfs shear stress field				Station (ft)		6,500 cfs shear stress field				Station (ft)		6/92 ground surface				Station (ft)		6,500 cfs water surface		Station (ft)		3,000 cfs water surface

		14		8				11.9		4				0		0.18				0		-0.1		6		-0.95																45.9		8.0				39.0		4.0				0.0		0.5905511811				0.0		-0.33		19.7		-3.12

		16.8		12.5				16.9		26				1		-0.5				57		-0.1		52		-0.95																55.1		12.5				55.4		26.0				3.3		-1.6404199475				187.0		-0.33		170.6		-3.12

		20		12				25		33.5				2		-0.8																										65.6		12.0				82.0		33.5				6.6		-2.624671916

		23		15.5				27.9		34.9				2.1		-1.12																										75.5		15.5				91.5		34.9				6.9		-3.6745406824

		26		21				31		33				3.5		-1.12																										85.3		21.0				101.7		33.0				11.5		-3.6745406824

		27.6		20.8				34		34				4		-0.92																										90.6		20.8				111.5		34.0				13.1		-3.0183727034

		30		19.7				40		27				5.2		-0.92																										98.4		19.7				131.2		27.0				17.1		-3.0183727034

		32		16.5				43.2		23				6.1		-1.18																										105.0		16.5				141.7		23.0				20.0		-3.8713910761

		34.8		18.5				50.7		0				6.8		-1.52																										114.2		18.5				166.3		0.0				22.3		-4.9868766404

		37.6		18.8										8		-1.96																										123.4		18.8										26.2		-6.4304461942

		41		18.4										8.5		-1.84																										134.5		18.4										27.9		-6.0367454068

		44		11										9.2		-1.6																										144.4		11.0										30.2		-5.249343832

		46.9		6.5										10.6		-1.48																										153.9		6.5										34.8		-4.8556430446

		48		3										12		-1.6																										157.5		3.0										39.4		-5.249343832

														13		-1.84																																						42.7		-6.0367454068

														13.1		-2.42																																						43.0		-7.9396325459

														14		-2.52																																						45.9		-8.2677165354

														14.2		-2.52																																						46.6		-8.2677165354

														14.8		-2.52																																						48.6		-8.2677165354

														16		-2.54																																						52.5		-8.3333333333

														16.6		-2.58																																						54.5		-8.4645669291

														19		-2.6																																						62.3		-8.530183727

														20		-2.56																																						65.6		-8.3989501312

														21		-2.48																																						68.9		-8.1364829396

														23		-2.48																																						75.5		-8.1364829396

														24		-2.38																																						78.7		-7.8083989501

														26		-2.28																																						85.3		-7.4803149606

														26.8		-2.3																																						87.9		-7.5459317585

														28		-2.28																																						91.9		-7.4803149606

														30		-2.5																																						98.4		-8.2020997375

														32		-2.56																																						105.0		-8.3989501312

														34		-2.72																																						111.5		-8.9238845144

														36		-2.78																																						118.1		-9.1207349081

														38		-2.76																																						124.7		-9.0551181102

														39		-2.8																																						128.0		-9.186351706

														40		-2.86																																						131.2		-9.3832020997

														43.5		-3.2																																						142.7		-10.498687664

														46		-3.58																																						150.9		-11.7454068241

														47		-3.58																																						154.2		-11.7454068241

														48		-3.58																																						157.5		-11.7454068241

														50.4		-2.88																																						165.4		-9.4488188976

														50.5		-1.84																																						165.7		-6.0367454068

														51		-1.5																																						167.3		-4.9212598425

														53		-0.84																																						173.9		-2.7559055118

														54.9		-0.68																																						180.1		-2.2309711286

														56		-0.48																																						183.7		-1.5748031496

														57.1		-0.42																																						187.3		-1.3779527559





Wilcock data

		



6/13-16/92, Q=164

5/30/91, Q=75.6

Cross-section Distance (m)

Elevation (m)



Wilcock chart(ft)

		0		45.9317585302		39.0419947507		0		19.6850393701

		3.280839895		55.1181102362		55.4461942257		187.0078740157		170.6036745407

		6.56167979		65.6167979003		82.0209973753

		6.8897637795		75.4593175853		91.5354330709

		11.4829396325		85.3018372703		101.7060367454

		13.1233595801		90.5511811024		111.5485564304

		17.0603674541		98.4251968504		131.2335958005

		20.0131233596		104.9868766404		141.7322834646

		22.3097112861		114.1732283465		166.3385826772

		26.2467191601		123.3595800525

		27.8871391076		134.5144356955

		30.1837270341		144.3569553806

		34.7769028871		153.8713910761

		39.3700787402		157.4803149606

		42.6509186352

		42.9790026247

		45.9317585302

		46.5879265092

		48.5564304462

		52.4934383202

		54.4619422572

		62.3359580052

		65.6167979003

		68.8976377953

		75.4593175853

		78.7401574803

		85.3018372703

		87.9265091864

		91.8635170604

		98.4251968504

		104.9868766404

		111.5485564304

		118.1102362205

		124.6719160105

		127.9527559055

		131.2335958005

		142.7165354331

		150.9186351706

		154.1994750656

		157.4803149606

		165.3543307087

		165.6824146982

		167.3228346457

		173.8845144357

		180.1181102362

		183.7270341207



Riparian berm

Riparian berm

Left bank looking downstream

Right bank

6/92 ground surface

3,000 cfs shear stress field

6,500 cfs shear stress field

6,500 cfs water surface

3,000 cfs water surface

Distance (ft)

Relative elevation (ft)

Shear stress (Pascals)

0.5905511811

8

4

-0.3280839895

-3.1167979003

-1.6404199475

12.5

26

-0.3280839895

-3.1167979003

-2.624671916

12

33.5

-3.6745406824

15.5

34.9

-3.6745406824

21

33

-3.0183727034

20.8

34

-3.0183727034

19.7

27

-3.8713910761

16.5

23

-4.9868766404

18.5

0

-6.4304461942

18.8

-6.0367454068

18.4

-5.249343832

11

-4.8556430446

6.5

-5.249343832

3

-6.0367454068

-7.9396325459

-8.2677165354

-8.2677165354

-8.2677165354

-8.3333333333

-8.4645669291

-8.530183727

-8.3989501312

-8.1364829396

-8.1364829396

-7.8083989501

-7.4803149606

-7.5459317585

-7.4803149606

-8.2020997375

-8.3989501312

-8.9238845144

-9.1207349081

-9.0551181102

-9.186351706

-9.3832020997

-10.498687664

-11.7454068241

-11.7454068241

-11.7454068241

-9.4488188976

-6.0367454068

-4.9212598425

-2.7559055118

-2.2309711286

-1.5748031496



Sheridan Data

		Station (m)		1996 ground surface				Station (m)		153 cms shear stress field				Station (m)		80.4 cms shear stress field				Station (m)		58.6 cms shear stress field						Station (m)		153 cms water surface		Station (m)		80.4 cms water surface		Station (m)		58.6 cms water surface

		-33.528		33.2116176		58.6236193713		81.3816		0.0				70.2564		1.0468175862				64.4652		0						0		30.031944		3.048		29.385768		3.048		29.190696

		-13.4112		32.165544				71.628		0.0				69.1896		2.1766391817				62.7888		0						79.248		30.031944		70.104		29.385768		54.864		29.190696

		-7.3152		31.848552				69.4944		5.5				67.6656		3.7905637429				61.1124		0

		-4.2672		31.0896				65.8368		12.5				66.1416		5.345421113				55.1688		0

		-2.7432		30.516576				62.1792		16.6				64.008		7.325666276				42.0624		0.0943178424

		-1.2192		30.117288				58.5216		18.6				61.5696		9.1958297192				40.5384		1.3478242924

		1.524		30.031944				54.864		19.4				58.5216		10.8363164958				38.1		3.40500165

		4.2672		28.812744				51.2064		19.5				56.0832		11.5822082178				35.6616		5.348478438

		4.8768		27.715464				47.5488		19.6				53.0352		11.8920299363				33.2232		7.1154583684

		7.0104		27.715464				43.8912		20.0				49.9872		11.6923617652				30.7848		8.758721166

		8.8392		27.776424				40.2336		20.8				46.9392		11.2416102524				28.3464		10.4049416724

		10.668		27.684984				37.1856		21.9				43.8912		10.8328888261				25.908		12.21300895

		12.192		27.654504				34.1376		23.3				40.8432		10.7609097942				24.0792		13.7666895094

		13.716		27.654504				31.0896		25.0				37.7952		11.2888763447				22.2504		15.5425880824

		15.24		27.745944				28.956		26.2				35.3568		12.2796768232				20.4216		17.560710373

		16.764		27.745944				27.432		27.0				32.9184		13.8415838285				19.2024		19.0345911174

		18.4404		27.837384				25.908		27.7				30.48		15.98189027				17.9832		20.5943327034

		20.1168		27.898344				24.384		28.4				28.6512		17.9365765705				16.764		22.213930075

		21.336		27.959304				22.86		28.9				26.8224		20.1382287825				15.5448		23.855715021

		22.86		28.050744				21.336		29.3				24.9936		22.5120557595				14.3256		25.469053647

		24.384		28.142184				20.1168		29.3				23.1648		24.9551543109				13.1064		26.9890438474

		25.908		28.233624				18.4404		29.1				21.336		27.333934724				11.8872		28.3352127774

		27.432		28.386024				16.764		28.5				19.5072		29.481546286				10.668		29.410214325

		28.956		28.507944				15.24		27.5				17.6784		31.1953028057				9.4488		30.098526583

		31.0896		28.660344				13.716		26.0				15.8496		32.2341081356				8.2296		30.265149321

		34.1376		28.751784				12.192		23.9				14.0208		32.3158816939				7.0104		29.7543014574

		37.1856		28.843224				10.668		21.2				12.192		31.114983986				5.7912		28.3881185314

		40.2336		28.934664				8.8392		16.9				10.3632		28.259642127				4.572		25.965350175

		43.8912		29.056584				7.0104		11.4				8.5344		23.3293753632				3.6576		23.319938364

		47.5488		29.117544				4.8768		3.3				6.7056		15.8524205941				2.1336		17.020310995

		51.2064		29.178504				4.2672		0.0				4.8768		5.3031578944				0.9144		9.9668871474

		54.864		29.239464				1.524		0.0				3.9624		-1.3032051945				-0.3048		0.7919667654

		58.5216		29.269944

		62.1792		29.300424

		65.8368		29.239464

		69.4944		29.300424

		71.628		29.605224

		81.3816		30.031944

		86.2584		30.223968

		87.7824		30.345888

		89.3064		30.455616

		90.8304		30.589728

		92.3544		30.635448

		93.8784		30.650688

		95.4024		30.562296

		96.9264		30.443424

		98.4504		30.431232

		99.9744		30.608016

		101.4984		30.821376

		103.0224		30.827472

		104.5464		30.943296

		106.0704		31.046928

		108.8136		31.177992

		152.4		33.2604533333





Sheridan chart (m)

		-13.4112		81.3816		70.2564		55.1688		0		3.048		3.048

		-7.3152		71.628		69.1896		42.0624		79.248		70.104		54.864

		-4.2672		69.4944		67.6656		40.5384

		-2.7432		65.8368		66.1416		38.1

		-1.2192		62.1792		64.008		35.6616

		1.524		58.5216		61.5696		33.2232

		4.2672		54.864		58.5216		30.7848

		4.8768		51.2064		56.0832		28.3464

		7.0104		47.5488		53.0352		25.908

		8.8392		43.8912		49.9872		24.0792

		10.668		40.2336		46.9392		22.2504

		12.192		37.1856		43.8912		20.4216

		13.716		34.1376		40.8432		19.2024

		15.24		31.0896		37.7952		17.9832

		16.764		28.956		35.3568		16.764

		18.4404		27.432		32.9184		15.5448

		20.1168		25.908		30.48		14.3256

		21.336		24.384		28.6512		13.1064

		22.86		22.86		26.8224		11.8872

		24.384		21.336		24.9936		10.668

		25.908		20.1168		23.1648		9.4488

		27.432		18.4404		21.336		8.2296

		28.956		16.764		19.5072		7.0104

		31.0896		15.24		17.6784		5.7912

		34.1376		13.716		15.8496		4.572

		37.1856		12.192		14.0208		3.6576

		40.2336		10.668		12.192		2.1336

		43.8912		8.8392		10.3632		0.9144

		47.5488		7.0104		8.5344		-0.3048

		51.2064		4.8768		6.7056

		54.864		4.2672		4.8768

		58.5216				3.9624

		62.1792

		65.8368

		69.4944

		71.628

		81.3816

		86.2584

		87.7824

		89.3064

		90.8304

		92.3544

		93.8784

		95.4024

		96.9264

		98.4504

		99.9744

		101.4984

		103.0224

		104.5464

		106.0704

		108.8136



Riparian berm

Newly formed point bar
(cobbles and gravels)

Developing floodplain
(fine sands and silts)

Left bank looking downstream

Right bank

1996 ground surface

153 cms shear stress field

80.4 cms shear stress field

58.6 cms shear stress field

153 cms water surface

80.4 cms water surface

58.6 cms water surface

Distance (m)

Relative elevation (m)

Shear stress (Pa)

32.165544

0

1.0468175862

0

30.031944

29.385768

29.190696

31.848552

0

2.1766391817

0.0943178424

30.031944

29.385768

29.190696

31.0896

5.51938392

3.7905637429

1.3478242924

30.516576

12.52146624

5.345421113

3.40500165

30.117288

16.56592968

7.325666276

5.348478438

30.031944

18.5845464

9.1958297192

7.1154583684

28.812744

19.364766

10.8363164958

8.758721166

27.715464

19.54971552

11.5822082178

10.4049416724

27.715464

19.63819944

11.8920299363

12.21300895

27.776424

19.98469968

11.6923617652

13.7666895094

27.684984

20.7993756

11.2416102524

15.5425880824

27.654504

21.8877428

10.8328888261

17.560710373

27.654504

23.311044

10.7609097942

19.0345911174

27.745944

24.9612192

11.2888763447

20.5943327034

27.745944

26.15899025

12.2796768232

22.213930075

27.837384

26.985858

13.8415838285

23.855715021

27.898344

27.74985075

15.98189027

25.469053647

27.959304

28.411796

17.9365765705

26.9890438474

28.050744

28.92817125

20.1382287825

28.3352127774

28.142184

29.251104

22.5120557595

29.410214325

28.233624

29.33522424

24.9551543109

30.098526583

28.386024

29.1412018606

27.333934724

30.265149321

28.507944

28.51527225

29.481546286

29.7543014574

28.660344

27.49871

31.1953028057

28.3881185314

28.751784

25.98409275

32.2341081356

25.965350175

28.843224

23.897448

32.3158816939

23.319938364

28.934664

21.16045325

31.114983986

17.020310995

29.056584

16.90088843

28.259642127

9.9668871474

29.117544

11.43441497

23.3293753632

0.7919667654

29.178504

3.31731024

15.8524205941

29.239464

0

5.3031578944

29.269944

-1.3032051945

29.300424

29.239464

29.300424

29.605224

30.031944

30.223968

30.345888

30.455616

30.589728

30.635448

30.650688

30.562296

30.443424

30.431232

30.608016

30.821376

30.827472

30.943296

31.046928

31.177992



Steiner chart (ft)

		177.842519685		155.842519685		160		164		118		0		0		181.2

		166.842519685		149.842519685		152		156		112		175		162		172.2

		161.842519685		143.842519685		144		148		104						164.2

		155.842519685		137.842519685		136		138		100						159.2

		149.842519685		131.842519685		128		130		94						154.2

		143.842519685		125.842519685		120		122		88						149.2

		137.842519685		120.842519685		112		114		82						144.2

		131.842519685		114.842519685		104		106		76						139.2

		125.842519685		107.842519685		98		98		70						134.2

		120.842519685		102.842519685		94		90		64						129.2

		114.842519685		97.842519685		90		84		54						124.2

		107.842519685		93.042519685		86		78		51						119.2

		102.842519685		87.842519685		82		74		48						114.2

		97.842519685		83.842519685		78		68		45						109.2

		93.042519685		79.842519685		74		62		41						104.2

		87.842519685		75.842519685		70		56		38						99.2

		83.842519685		71.842519685		66		50		35						94.2

		79.842519685		67.842519685		62		44		32						89.2

		75.842519685		63.842519685		58		40		29						84.2

		71.842519685		59.842519685		54		36		25						79.2

		67.842519685		55.842519685		48		32		22						74.2

		63.842519685		51.842519685		42		26		18						69.2

		59.842519685		47.842519685		36		20		15						64.2

		55.842519685		43.842519685		30		14		12						59.2

		51.842519685		39.842519685		23		6.5		8						54.2

		47.842519685		35.842519685		18				5						49.2

		43.842519685		31.842519685		13				3						39.2

		39.842519685		27.842519685		4										31.2

		35.842519685		23.842519685												28.2

		31.842519685		19.842519685												9.8

		27.842519685		15.842519685												-1.8

		23.842519685		12.842519685

		19.842519685		8.842519685

		15.842519685		4.842519685

		12.842519685

		8.842519685

		4.842519685

		-3.157480315



Left bank looking downstream

Right bank

6/96 Ground surface

5,100 cfs shear stress field

4,000 cfs shear stress field

2,500 cfs shear stress field

1,850 cfs shear stress field

6,700 cfs water surface elevation

1,850 cfs water surface elevation

6,700 cfs shear stress field

Distance (ft)

Relative elevation (ft)

Shear Stress (Pascals)

98.61

0

0

0

0

98.61

95.71

0

96.41

2.9891646214

5.6838438119

0

4.130200294

98.61

95.71

1.2025816318

95.61

9.1973198494

12.9673105257

7.3746998491

14.3670506365

4.942859916

95.51

16.1638404355

21.6134223042

11.4921780209

19.1430024107

8.8025492226

95.51

23.1331288465

29.8308108932

16.7039416587

25.3513474518

13.2916079325

95.31

29.5594994384

36.5338712556

22.2405105477

30.1939097145

18.0537393562

95.11

34.2348398801

41.2230766738

27.3459305989

33.6988050052

22.8074391814

95.11

38.84511153

43.8652938519

31.6548019789

36.1125216729

27.3391100241

95.11

42.7486591619

44.6825952768

35.1001103604

37.8129478066

31.4961759793

95.36

44.5908146308

44.7905257591

37.8210581713

39.2223984335

35.1801971729

94.91

45.7215128483

44.6381921985

39.537064428

41.900337218

38.3399843118

94.94

46.2329321861

44.3079893504

41.1067919891

42.9034516215

40.964713236

94.56

46.2810380523

43.8834104106

42.1247530704

43.9993528993

43.0770394689

94.31

46.0524224072

43.4453068633

43.6649997162

45.1589234294

44.7262127687

94.16

45.6697166971

43.0681483272

45.2442615541

46.7110936359

45.9811916799

94.03

45.1998903106

42.8162824028

46.8199636261

47.7740048848

46.9237580837

94.11

44.7037067333

42.7401945194

48.2543840169

48.6251066574

47.6416317494

93.91

44.2324359627

42.8727677818

49.2927817776

49.1177603903

48.2215848858

93.71

43.8245669234

43.2255428176

49.5770239236

49.0709595695

48.742556692

93.56

43.5025198823

43.7849776238

49.358190065

47.7867763256

49.2687679082

93.1

43.2693588637

44.9101422739

48.4462179878

45.5639231647

49.8428353675

93.06

43.1055040646

46.1130379636

45.2698306842

40.3209500798

50.4788865466

92.76

42.9654442697

46.9161123035

39.0708250917

34.2004989533

51.1556741169

92.28

42.7744492667

46.6201594629

28.681283947

25.7345198924

51.8096904956

91.61

42.4252822613

43.604203386

7.6185649166

9.9611396526

52.3282823969

91.26

41.7749122924

38.6556709904

0

52.5427653831

91.08

40.6412266477

30.3723841069

0

51.0631984061

90.86

38.7997432779

0

46.4938616799

90.53

35.9803232128

43.5810206414

90.36

31.8638829761

1.4682845878

90.51

26.0791070005

0

90.76

20.3910917279

90.71

10.6244032682

90.76

0

90.56

91.41

91.41

98.61



Wilcock chart(m)

		0		14		11.9		0		6

		1		16.8		16.9		57		52

		2		20		25

		2.1		23		27.9

		3.5		26		31

		4		27.6		34

		5.2		30		40

		6.1		32		43.2

		6.8		34.8		50.7

		8		37.6

		8.5		41

		9.2		44

		10.6		46.9

		12		48

		13

		13.1

		14

		14.2

		14.8

		16

		16.6

		19

		20

		21

		23

		24

		26

		26.8

		28

		30

		32

		34

		36

		38

		39

		40

		43.5

		46

		47

		48

		50.4

		50.5

		51

		53

		54.9

		56



Riparian berm

Riparian berm

Left bank looking downstream

Right bank

6/92 ground surface

75.6 cms shear stress field

164 cms shear stress field

164 cms water surface

75.6 cms water surface

Distance (meters)

Relative elevation (meters)

Shear stress (Pascals)

0.18

8

4

-0.1

-0.95

-0.5

12.5

26

-0.1

-0.95

-0.8

12

33.5

-1.12

15.5

34.9

-1.12

21

33

-0.92

20.8

34

-0.92

19.7

27

-1.18

16.5

23

-1.52

18.5

0

-1.96

18.8

-1.84

18.4

-1.6

11

-1.48

6.5

-1.6

3

-1.84

-2.42

-2.52

-2.52

-2.52

-2.54

-2.58

-2.6

-2.56

-2.48

-2.48

-2.38

-2.28

-2.3

-2.28

-2.5

-2.56

-2.72

-2.78

-2.76

-2.8

-2.86

-3.2

-3.58

-3.58

-3.58

-2.88

-1.84

-1.5

-0.84

-0.68

-0.48



Steiner chart (m)

		47.5008		48.768		49.9872		35.9664		54.2064		0		0

		45.672		46.3296		47.5488		34.1376		50.8536		53.34		49.3776

		43.8432		43.8912		45.1104		31.6992		49.3296

		42.0144		41.4528		42.0624		30.48		47.5008

		40.1856		39.0144		39.624		28.6512		45.672

		38.3568		36.576		37.1856		26.8224		43.8432

		36.8328		34.1376		34.7472		24.9936		42.0144

		35.004		31.6992		32.3088		23.1648		40.1856

		32.8704		29.8704		29.8704		21.336		38.3568

		31.3464		28.6512		27.432		19.5072		36.8328

		29.8224		27.432		25.6032		16.4592		35.004

		28.35936		26.2128		23.7744		15.5448		32.8704

		26.7744		24.9936		22.5552		14.6304		31.3464

		25.5552		23.7744		20.7264		13.716		29.8224

		24.336		22.5552		18.8976		12.4968		28.35936

		23.1168		21.336		17.0688		11.5824		26.7744

		21.8976		20.1168		15.24		10.668		25.5552

		20.6784		18.8976		13.4112		9.7536		24.336

		19.4592		17.6784		12.192		8.8392		23.1168

		18.24		16.4592		10.9728		7.62		21.8976

		17.0208		14.6304		9.7536		6.7056		20.6784

		15.8016		12.8016		7.9248		5.4864		19.4592

		14.5824		10.9728		6.096		4.572		18.24

		13.3632		9.144		4.2672		3.6576		17.0208

		12.144		7.0104		1.9812		2.4384		15.8016

		10.9248		5.4864				1.524		14.5824

		9.7056		3.9624				0.9144		13.3632

		8.4864		1.2192						12.144

		7.2672								10.9248

		6.048								9.7056

		4.8288								8.4864

		3.9144								7.2672

		2.6952								6.048

		1.476								4.8288

										3.9144

										2.6952

										1.476

										-0.9624



Left bank looking downstream

Right bank

5,100 cfs shear stress field

4,000 cfs shear stress field

2,500 cfs shear stress field

1,850 cfs shear stress field

6/96 Ground surface

144 cms water surface elevation

52 cms water surface elevation

Distance (meters)

Relative elevation (meters)

Shear Stress (Pascals)

0

0

0

0

30.056328

30.056328

29.172408

2.9891646214

5.6838438119

0

4.130200294

29.385768

30.056328

29.172408

9.1973198494

12.9673105257

7.3746998491

14.3670506365

29.141928

16.1638404355

21.6134223042

11.4921780209

19.1430024107

29.111448

23.1331288465

29.8308108932

16.7039416587

25.3513474518

29.111448

29.5594994384

36.5338712556

22.2405105477

30.1939097145

29.050488

34.2348398801

41.2230766738

27.3459305989

33.6988050052

28.989528

38.84511153

43.8652938519

31.6548019789

36.1125216729

28.989528

42.7486591619

44.6825952768

35.1001103604

37.8129478066

28.989528

44.5908146308

44.7905257591

37.8210581713

39.2223984335

29.065728

45.7215128483

44.6381921985

39.537064428

41.900337218

28.928568

46.2329321861

44.3079893504

41.1067919891

42.9034516215

28.937712

46.2810380523

43.8834104106

42.1247530704

43.9993528993

28.821888

46.0524224072

43.4453068633

43.6649997162

45.1589234294

28.745688

45.6697166971

43.0681483272

45.2442615541

46.7110936359

28.699968

45.1998903106

42.8162824028

46.8199636261

47.7740048848

28.660344

44.7037067333

42.7401945194

48.2543840169

48.6251066574

28.684728

44.2324359627

42.8727677818

49.2927817776

49.1177603903

28.623768

43.8245669234

43.2255428176

49.5770239236

49.0709595695

28.562808

43.5025198823

43.7849776238

49.358190065

47.7867763256

28.517088

43.2693588637

44.9101422739

48.4462179878

45.5639231647

28.37688

43.1055040646

46.1130379636

45.2698306842

40.3209500798

28.364688

42.9654442697

46.9161123035

39.0708250917

34.2004989533

28.273248

42.7744492667

46.6201594629

28.681283947

25.7345198924

28.126944

42.4252822613

43.604203386

7.6185649166

9.9611396526

27.922728

41.7749122924

38.6556709904

0

27.816048

40.6412266477

30.3723841069

0

27.761184

38.7997432779

0

27.694128

35.9803232128

27.593544

31.8638829761

27.541728

26.0791070005

27.587448

20.3910917279

27.663648

10.6244032682

27.648408

0

27.663648

27.602688

27.861768

27.861768

30.056328



Steiner data

		Station (ft)		6,700 cfs shear stress field				Station (m)		Station (ft)		6/96 Ground surface		6/96 Ground surface				5,100 cfs shear stress field				Station (m)		Station (ft)		4,000 cfs shear stress field				Station (m)		Station (ft)		2,500 cfs shear stress field				Station (m)		Station (ft)		1,850 cfs shear stress field								Distance		6,700 cfs water surface elevation						1,850 cfs water surface elevation

		181.2		0.0				54.2		177.8		98.61		30.056328				0				53.0352		174.0		0				50.7		166.2		0.00				48.768		160.0		0								0		98.61				0		95.71

		172.2		1.2				50.9		166.8		96.41		29.385768				0				51.816		170.0		0				50.0		164.0		0.00				44.501		146.0		0								175		98.61				162		95.71

		164.2		4.9				49.3		161.8		95.61		29.141928				0				50.5968		166.0		0				47.5		156.0		0.00				43.891		144.0		0

		159.2		8.8				47.5		155.8		95.51		29.111448				0				48.768		160.0		0				45.1		148.0		7.37				42.367		139.0		0								Distance		144 cms water surface elevation						52 cms water surface elevation

		154.2		13.3				45.7		149.8		95.51		29.111448				2.9891646214				46.3296		152.0		5.6838438119				42.1		138.0		11.49				40.538		133.0		0								0		30.056328				0		29.172408

		149.2		18.1				43.8		143.8		95.31		29.050488				9.1973198494				43.8912		144.0		12.9673105257				39.6		130.0		16.70				38.100		125.0		0								53.34		30.056328				49.3776		29.172408

		144.2		22.8				42.0		137.8		95.11		28.989528				16.1638404355				41.4528		136.0		21.6134223042				37.2		122.0		22.24				35.966		118.0		0

		139.2		27.3				40.2		131.8		95.11		28.989528				23.1331288465				39.0144		128.0		29.8308108932				34.7		114.0		27.35				34.138		112.0		4.130200294

		134.2		31.5				38.4		125.8		95.11		28.989528				29.5594994384				36.576		120.0		36.5338712556				32.3		106.0		31.65				31.699		104.0		14.3670506365								Distance		6,700 cfs water surface elevation

		129.2		35.2				36.8		120.8		95.36		29.065728				34.2348398801				34.1376		112.0		41.2230766738				29.9		98.0		35.10				30.480		100.0		19.1430024107								0

		124.2		38.3				35.0		114.8		94.91		28.928568				38.84511153				31.6992		104.0		43.8652938519				27.4		90.0		37.82				28.651		94.0		25.3513474518								175

		119.2		41.0				32.9		107.8		94.94		28.937712				42.7486591619				29.8704		98.0		44.6825952768				25.6		84.0		39.54				26.822		88.0		30.1939097145

		114.2		43.1				31.3		102.8		94.56		28.821888				44.5908146308				28.6512		94.0		44.7905257591				23.8		78.0		41.11				24.994		82.0		33.6988050052

		109.2		44.7				29.8		97.8		94.31		28.745688				45.7215128483				27.432		90.0		44.6381921985				22.6		74.0		42.12				23.165		76.0		36.1125216729

		104.2		46.0				28.4		93.0		94.16		28.699968				46.2329321861				26.2128		86.0		44.3079893504				20.7		68.0		43.66				21.336		70.0		37.8129478066

		99.2		46.9				26.8		87.8		94.03		28.660344				46.2810380523				24.9936		82.0		43.8834104106				18.9		62.0		45.24				19.507		64.0		39.2223984335

		94.2		47.6				25.6		83.8		94.11		28.684728				46.0524224072				23.7744		78.0		43.4453068633				17.1		56.0		46.82				16.459		54.0		41.900337218

		89.2		48.2				24.3		79.8		93.91		28.623768				45.6697166971				22.5552		74.0		43.0681483272				15.2		50.0		48.25				15.545		51.0		42.9034516215

		84.2		48.7				23.1		75.8		93.71		28.562808				45.1998903106				21.336		70.0		42.8162824028				13.4		44.0		49.29				14.630		48.0		43.9993528993

		79.2		49.3				21.9		71.8		93.56		28.517088				44.7037067333				20.1168		66.0		42.7401945194				12.2		40.0		49.58				13.716		45.0		45.1589234294

		74.2		49.8				20.7		67.8		93.1		28.37688				44.2324359627				18.8976		62.0		42.8727677818				11.0		36.0		49.36				12.497		41.0		46.7110936359

		69.2		50.5				19.5		63.8		93.06		28.364688				43.8245669234				17.6784		58.0		43.2255428176				9.8		32.0		48.45				11.582		38.0		47.7740048848

		64.2		51.2				18.2		59.8		92.76		28.273248				43.5025198823				16.4592		54.0		43.7849776238				7.9		26.0		45.27				10.668		35.0		48.6251066574

		59.2		51.8				17.0		55.8		92.28		28.126944				43.2693588637				14.6304		48.0		44.9101422739				6.1		20.0		39.07				9.754		32.0		49.1177603903

		54.2		52.3				15.8		51.8		91.61		27.922728				43.1055040646				12.8016		42.0		46.1130379636				4.3		14.0		28.68				8.839		29.0		49.0709595695

		49.2		52.5				14.6		47.8		91.26		27.816048				42.9654442697				10.9728		36.0		46.9161123035				2.0		6.5		7.62				7.620		25.0		47.7867763256

		39.2		51.1				13.4		43.8		91.08		27.761184				42.7744492667				9.144		30.0		46.6201594629				0.8		2.7		0.00				6.706		22.0		45.5639231647

		31.2		46.5				12.1		39.8		90.86		27.694128				42.4252822613				7.0104		23.0		43.604203386												5.486		18.0		40.3209500798

		28.2		43.6				10.9		35.8		90.53		27.593544				41.7749122924				5.4864		18.0		38.6556709904												4.572		15.0		34.2004989533

		9.8		1.5				9.7		31.8		90.36		27.541728				40.6412266477				3.9624		13.0		30.3723841069												3.658		12.0		25.7345198924

		-1.8		0.0				8.5		27.8		90.51		27.587448				38.7997432779				1.2192		4.0		0												2.438		8.0		9.9611396526

								7.3		23.8		90.76		27.663648				35.9803232128				-0.9144		-3.0		0												1.524		5.0		0

								6.0		19.8		90.71		27.648408				31.8638829761																				0.914		3.0		0

								4.8		15.8		90.76		27.663648				26.0791070005

								3.9		12.8		90.56		27.602688				20.3910917279

								2.7		8.8		91.41		27.861768				10.6244032682

								1.5		4.8		91.41		27.861768				0

								-1.0		-3.2		98.61		30.056328				0







WY1995 Cohort 
Establishment 

1995-1997



Cumulative rooting depths associated with each age 
class (n=790)



WY1995 Cohort 
Establishment 

1998-2002



Summary of water year classes, peak streamflows and associated cohort 
survival and mortality during the 1993–2004 period 

Water 
Year

Water Year 
Class Based 
on April 1 

Inflow 
Forecast

ROD 
Assigned 

Magnitude 
(cfs)

Actual Maximum 
Daily Average 

Lewiston Release 
(cfs)

Instantaneous 
Maximum 
Lewiston 

Streamflow (cfs)

Closest 
Magnitude ROD 

WY Class 
Equivalent

Associated Scour 
Threshold

Cohorts 
Scoured Surviving Cohorts

1993 WET 8,500 3,070 3,270 DRY No scour mortality None 1992 cohort
1994 CRIT DRY 1,500 1,610 1,630 CRIT DRY No scour mortality None 1992, 1993 cohort
1995 EXT WET 11,000 6,890 7,060 NORMAL 1-year-old and YOY 1994 cohort 1992, 1993 cohort
1996 WET 8,500 6,290 6,390 NORMAL 1-year-old and YOY 1995 cohort 1992, 1993 cohort
1997 WET 8,500 6,910 6,970 NORMAL 1-year-old and YOY 1996 cohort 1992, 1993 cohort
1998 EXT WET 11,000 5,990 6,190 NORMAL 1-year-old and YOY 1997 cohort 1992, 1993 cohort

1999 WET 8,500 1,980 2,000 CRIT DRY No scour mortality None 1992, 1993 and 1998 
cohort

2000 WET 8,500 5,310 5,430 NORMAL 1-year-old and YOY 1999 cohort 1992, 1993 and 1998 
cohort

2001 DRY 4,500 1,678 2,140 CRIT DRY No scour mortality None 1992, 1993, 1998, 
and 2000 cohort

2002 NORMAL 6,000 6,040 6,570 NORMAL 1-year-old and YOY 2001 cohort 1993, 1998, and 
2000 cohort

2003 NORMAL 6,000 2,610 2,780 CRIT DRY No scour mortality None 1993, 1998, 2000 
and 2002 cohort

2004 WET 8,500 6,200 6,350 NORMAL 1-year-old and YOY 2003 cohort 1993, 1998, 2000 
and 2002 cohort



Key points from synthesis of early studies

• Woody plant demographic studies conducted at pilot bank rehabilitation sites in the 
1990s found that over 90% of willow seedlings occurred on coarse to fine sands (i.e., 
more than 15% of the particle size distribution was smaller than 2 mm (Bair 2001b). 

• Reducing the fine sediment supply could provide a way to reduce initiation and 
establishment of willows near the low flow channel margin.

• Younger establishing plants with root lengths approximately the depth of the channel 
bed surface layer (i.e., depth of D84) were especially prone to mortality when the 
channel bed was mobilized. 

• Marked rock studies combined with woody plant and topographic changes indicated 
that a flow of 6,000 cfs began to mobilize exposed point bar surfaces, 

• When bar surfaces mobilized, 60–90% of 1-year-old and younger plants were removed 
(M&T 1997, Bair 1998, Bair 2003). 

• Measured scour depths and topographic changes indicated that flows above 8,500 cfs
measured downstream at Junction City caused subsurface scour, but that that flows 
between 11,000 cfs and 14,000 cfs were required to cause scour and redeposition 
beyond 300 mm (or approximately the depth of two D84’s).

• Roughly 70% of 3-year-old plants have roots that are less than 204 mm 
• Geomorphic data collected during the 1995–2000 period indicates that there is a lateral 

limit of scour where the shear stress tapers off and the channel bed is not mobilized. 



TRFES Riparian Rehabilitation Strategy

Objective
Critically Dry Dry Normal Wet Extremely Wet

(Qpeak = 
1,500 cfs)

(Qpeak = 
4,500 cfs)

(Qpeak = 
6,000 cfs)

(Qpeak = 
8,000 cfs)

(Qpeak = 
11,000 cfs)

Bar Flank Bed 
Mobility (None)

Mobilize the 
surface of in-

channel 
alluvial 

features (e.g., 
spawning 

gravel 
deposits).

Mobilize D84 
particles on 

general 
channel bed 
surface and 

along flanks of 
alternate bar 

surfaces.

Mobilize D84
particles on 

alternate bar 
surfaces.

Mobilize D84
particles on flanks 

of alternate bar 
surfaces. 

Bar Flank Bed 
Scour (None) (None)

Channel bed 
scour and 

redeposition of 
gravels.

Channel bed scour 
greater than 1× D84

depth and 
redeposition of 

gravels.

Channel bed scour 
greater than 2× D84

depth and 
redeposition of 

gravels on face of 
alternate bars. 

Bar Flank 
Riparian 
Seedling 

Scour 

Discourage 
germination 
of riparian 
plants on 
lower bar 

surfaces for 
the early 

portion of the 
seed release 

period.

Discourage 
germination of 
riparian plants 

on bar flank 
for the early 

portion of the 
seed release 

period.

Woody 
riparian 

vegetation 
mortality up to 
1-yr old along 

bar flank of 
alternate bar 

surfaces.

Woody riparian 
vegetation mortality 
up to 2-yr old along 

bar flank of 
alternate bar 

surfaces.

Woody riparian 
vegetation mortality 

along low water 
edge of alternate 

bar surfaces; scour 
up to 3-yr old 

woody riparian 
vegetation along 
channel margins 

and scour younger 
plants higher on bar 

flanks. 
Upper Bar 

and 
Floodplain 
Riparian 

Establishment

(None) (None)

Woody 
riparian 

regeneration 
on upper bar 

surfaces.

Woody riparian 
regeneration on 

upper alternate bar 
surfaces and 
floodplains.

Woody riparian 
regeneration on 

upper alternate bar 
surfaces and 
floodplains. 

Large Wood 
Storage (None) (None) (None)

Increase riparian 
vegetation and 

future large wood 
recruitment.

Increase riparian 
vegetation and 

future large wood 
recruitment.

Promote 
Riparian 

Germination 
Lower in the 
Channel via 

Lower 
Summer 

Baseflows

Not adopted 
due to water 
quality (i.e., 

temperature) 
criteria

Not adopted 
due to water 
quality (i.e., 

temperature) 
criteria

Not adopted 
due to water 
quality (i.e., 

temperature) 
criteria

Not adopted due to 
water quality (i.e., 

temperature) 
criteria

Not adopted due to 
water quality (i.e., 

temperature) 
criteria



Competing detrimental 
encroachment hypotheses



2005 - 2009 Period

Site Year 
Constructed

First Cohort that 
Could Colonize the 

Surface
Hocker Flat 2005 2006 cohort
Lewiston Hatchery Coarse 
Sediment Augmentation 2006 2007 cohort

Lower Conner Creek 2006 2007 cohort
Elkhorn 2006 2007 cohort
Pear Tree Gulch 2006 2007 cohort
Valdor Gulch 2006 2007 cohort
Indian Creek 2007 2008 cohort
Dark Gulch/Bucktail 2008 2009 cohort
Lewiston 4 (Sven Olbertson, 
Deadwood Creek, Cableway, 
and Hoadley Gulch)

2008 2009 cohort

Sawmill 2009 2010 cohort

Water 
Year

Instantaneous 
Maximum 
Lewiston 

Streamflow 
(cfs)

Cohorts 
Scoured Surviving Cohorts Persisting Cohorts

2005 7,640 2004 cohort None 1993, 1998, 2000 and 2002 
cohort

2006 10,400
2003, 2004, 

and 2005 
cohorts

None 1993, 1998, 2000 and 2002 
cohort

2007 4,810 None 2006 cohort 1993, 1998, 2000, 2002 and 
2006 cohort

2008 6,890 2007 cohort 2006 cohort 1993, 1998, 2000, 2002 and 
2006 cohort

2009 4,630 None 2006 and 2008 
cohort

1993, 1998, 2000, 2002, 2006 
and 2008 cohort

Valdor Gulch



2010-2012 Period

Size Class 
(cm)

Dominant 
Plant Age

Q to 
Remove

WY Type to 
Remove

Risk 
Code Risk Description

0.0–0.25 Young-of-
Year 6,000 cfs Normal and 

wetter Green

Moderate risk, these hardwoods 
should be watched to evaluate if they 

get to the 2-yr old stage; no 
modification of the hydrograph 

needed 

0.26–0.50 1-year-old 6,000 cfs Normal and 
wetter Green

Moderate risk, these hardwoods 
should be watched to evaluate if they 

get to the 2-yr old stage; no 
modification of the hydrograph 

needed 

0.51–0.75 2-year-old 8,500 cfs Wet and 
wetter Yellow

High risk, 8,500 cfs suggested for that 
year; may recommend subtle 

adjustments to hydrograph release for 
that given water year

0.76–1.0 3-year-old 11,000 cfs Extremely 
Wet Red

Extreme Risk, 11,000 cfs suggested 
that year; may need to modify 

hydrograph release for that given 
water year

1.01–1.50 4-year-old 
Unlikely to 

remove with 
flows alone

N/A Grey Beyond what ROD streamflows are 
expected to remove

1.51–2.0 5-year-old
Unlikely to 

remove with 
flows alone

N/A Grey Beyond what ROD streamflows are 
expected to remove

GRTS Panel
Water Year

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 …
1 X X X X X
2 X X X X
3 X X X
4 X X X X
5 X X X X
…. …

Plant Size (DRC, cm) Plant Age

Plant Density 
Encroachment 

Threshold 
(plants/ft2)

Plant Density 
Encroachment 

Threshold (plants/m2)

0–0.25 Young-of-Year (YOY)
16 172

0.26–0.50 1-year

0.51–0.75 2-year 0.65 7

0.76–1.0 3-year 0.15 2
> 1.0 > 3-year 0.11 1

Site Year 
Constructed

First Cohort that Could 
Colonize the Surface

Lowden Ranch 2010 2011 cohort

Reading Creek 2010 2011 cohort

Trinity House Gulch 2010 2011 cohort

Wheel Gulch 2011 2012 cohort

Lower Steiner Flat 2012 2013 cohort

Upper Junction City 2012 2013 cohort

Water 
Year

Instantaneous 
Maximum 
Lewiston 

Streamflow 
(cfs)

Cohorts Scoured Surviving Cohorts Persisting Cohorts

2010 7,480 2009 cohort 2006 and 2008 
cohort

1993, 1998, 2000, 2002, 2006 and 
2008 cohort

2011 12,300 2008, 2009, and 
2010 cohorts 2006 cohort 1993, 1998, 2000, 2002 and 2006 

cohort

2012 6,180 2011 cohort 2006 cohort 1993, 1998, 2000, 2002 and 2006 
cohort



WY 2004 to WY 2019 hydrographs and 
water year sequencing (n= 16 yrs)

1 2 3YOY

Cohort Discharge that kills cohort
YOY 6,000 cfs
1 yr 6,000 cfs
2 yr 8,500 cfs
3 yr 11,000 cfs

>3 yr >  11,000cfs

?



2013-2017 Period

Type of Bar 2012 2013 2015 2016
Bars totally inundated at less 

than 2,000 cfs 69 125 126 103

Bars totally inundated at more 
than 2,000 cfs 69 68 68 88

Total 138 193 194 191

Site Constructed First Cohort that Could 
Colonize the Surface

Douglas City 2013 2013 2014 cohort
Lorenz Gulch 2013 2014 cohort

Lower Junction City 2014 2015 cohort
Douglas City 2015 2015 2016 cohort

Limekiln Gulch 2015 2016 cohort
Bucktail 2016 2017 cohort

Water 
Year

Instantaneous 
Maximum 
Lewiston 

Streamflow 
(cfs)

Cohorts Scoured Surviving Cohorts Persisting Cohorts

2013 4,590 None 2006 and 2012 
cohort

1993, 1998, 2000, 2002, 2006 
and 2012 cohort

2014 3,460* None 2006, 2012, and 
2013 cohort

1993, 1998, 2000, 2002, 2006, 
2012, and 2013 cohort

2015 8,830 2013 and 2014 
cohorts

2006 and 2012 
cohort

1993, 1998, 2000, 2002, 2006 
and 2012 cohort

2016 9,600 2012 and 2015 
cohorts

2006 cohort 1993, 1998, 2000, 2002, and 
2006 cohort

*The peak discharge of 2014 was not associated with spring ROD flows, rather it occurred on September 22, 
2013, and was associated with Lower Klamath River water temperature and fish health flows. 

?



Reflections on the TRFE Restoration Strategy and 
Implications to Riparian Encroachment

• The TRFE oversimplified the academic, social, bureaucratic, and temporal obstacles to 
developing a smaller-scale alluvial river. 

• The physical changes embodied in the TRFE were to be large, obvious, and occur in a 
short time (i.e., years). 

• Considering partial gravel augmentation combined with restoration streamflows, it is 
apparent that without mechanical restoration, the envisioned changes are minor and 
may take decades, if they occur at all. 

• The TRFE strategy relied on a simple meander wavelength to serve as a template for the 
future channel condition. While seeming simple in its form 30 years later, the basis of 
Chinook Salmon population recovery was centered on juvenile habitat recovery which 
was, and still is, founded on the future channel pattern

• Encroachment in an anabranching channel could lead to reductions in channel width 
and increases in depth over time, leading to the reduction in channel number. The 
quantity of aquatic habitat would be reduced; however, the diversity and quality could 
be potentially maintained. 

• Encroachment along a single-thread channel could lead to reduction in width and 
increases in depth, with reduction in quantity, quality, and diversity of habitats. Without 
sufficient flows or sediment supply, the channel may become moribund. 

• Managing encroachment should be a high priority regardless of the channel type. 



Reflections on Streamflow Management

• The TRRP management 
objectives evolved to reach the 
maximum allowable peak 
streamflow release as 
frequently as possible in 
Normal and wetter years. 

• The purpose for increasing the 
frequency of maximum flood 
peaks has been to maximize 
the amount of geomorphic 
work and sediment transport, 
under the assumption that 
increasing the rate of physical 
change would restore the river 
more rapidly. 



Reflections on Channel Rehabilitation Design

• Vegetation structure and patterns adjacent to the channel may vary with channel form, 
and areas of multi-aged, species-rich riparian vegetation are a valuable ecosystem 
component of straight, meandering, or anabranching channel forms. 

• Lowering ground surfaces next to wetted channels will decrease the distance that 
establishing plant roots need to grow to access shallow groundwater, thereby increasing 
the overall amount of riparian hardwood initiation at rehabilitated sites. One trade off 
that each design team will need to consider is the increase in width next to the wetted 
channel and the reduced ability of the channel to convey sediment (i.e., scour seedlings 
to prevent encroachment). 



Reflections on Fine Sediment Management

• In the 1960s and 70s, the fine sediment supply from tributaries 
was orders of magnitudes greater than it is today (GMA 2001). 

• Fine sediment is a key ingredient to making sediment berms; 
however, the lack of berm formation is more likely a reflection of 
reduced fine sediment supply, and woody plant encroachment can 
still be detrimental in the absence of a berm. 

• Future management actions may need to be directed to 
recovering burned watersheds to reduce erosion and fine 
sediment supply. 

• Fine sediment supply, transport, and storage should continue to 
be managed in an AEAM context with respect to floodplain 
evolution, encroachment risk, and berm formation. 



Reflections on Coarse Sediment Management

• There has been an increase in local coarse sediment 
storage due to increased streamflow magnitude and 
frequency in locations where coarse sediment 
augmentation has occurred and at tributary deltas 
(Gaeuman and Stewart 2017). 

• Repeated surface and subsurface particle size sampling 
conducted in 2001, 2009, 2014, and 2018 do not show a 
clear trend of particle sizes becoming smaller with time 
either in the surface or subsurface layers between years 
(GMA Hydrology 2020). 



Management Strategies Not Specifically Included 
in the ROD 

• It is possible that with continued large wood addition and large wood structure construction, 
bank failure and local scour dynamics around wood pieces and wood jams could encourage 
further bank erosion and inhibit local woody plant encroachment. Large wood supply, storage, 
and transport will be an important part of maintaining future channel morphology, whether it 
is a single-threaded or anabranching channel.

• Incorporating diurnal fluctuations into spring ROD releases could be used to encourage bank 
failure. During the diurnal peak, the soil pores fill with water and during the diurnal low, the 
pores drain. If daily streamflow fluctuations of 1 to 2 ft were possible at the peak release and 
then gradually decreased the diurnal fluctuation could create rapid drops in the substrate 
pore pressure to the extent that the bank may fail (Micheli and Kirchner 2002a, b)

• With sufficient inundation, woody plants will die. There are no monitoring data to quantify 
the effect of inundation mortality directly; however, it could be a potentially effective 
mortality agent if streamflow duration and magnitude were managed to target the long-term 
inundation of mature alder trees, or YOY seedlings in years when ROD releases are insufficient 
to scour them (i.e., flows below 6,000 cfs). 

• With rapidly receding flows and/or no rainfall, coarse substrates may dry quickly and plants 
that establish where there once was available soil moisture may desiccate and die. 
Desiccation mortality accounted for about 5% of the YOY seedlings at the upper elevation 
limits of establishing seedlings and not at lower elevations. Desiccation mortality was not 
observed in older seedlings or established or mature woody riparian plants. 



Evaluation of detrimental 
encroachment hypotheses

Water Year
Water Year Class 
Based on April 1 
Inflow Forecast

TRFE Minimum 
Recommendation

(U.S. Tons)

Actual Total 
Augmentation

(U.S. Tons)

Difference

(U.S. Tons)

2000 WET 13,700 2,781 –10,919
2001 DRY 206 0 –206
2002 NORMAL 2,466 0 –2,466
2003 NORMAL 13,700 2,740 –10,960
2004 WET 13,700 0 –13,700
2005 WET 13,700 0 –13,700
2006 EXT WET 42,470 2,302 –40,168
2007 DRY 206 6,138 5,932
2008 NORMAL 2,466 17,002 14,536
2009 DRY 206 11,179 10,974
2010 NORMAL 2,466 22,454 19,988
2011 WET 13,700 7,288 –6,412
2012 NORMAL 2,466 0 –2,466
2013 DRY 206 2,329 2,124
2014 CRIT DRY 0 0 0
2015 DRY 206 3,781 3,576
2016 WET 13,700 4,932 –11,398
2017 EXT WET 42,470 7,672 –34,798
2018 CRIT DRY 0 0 0
2019 WET 13,700 4,795 –8,905
2020 CRIT DRY 0 0 0



Revisied Hypotheses

o H01: The 6,000, 8,500, and 11,000 cfs flood events 
occurring at the frequency of Normal and wetter years 
cannot inhibit near channel woody seedling 
establishment and the formation of a dense band of 
vegetation after a period of three consecutive dry 
years.

o HA1: The 6,000, 8,500, and 11,000 cfs flood events 
occurring more frequently than Normal and wetter 
years and during periods of consecutive dry years can 
inhibit near channel woody seedling establishment 
and disrupt the formation of a dense band of 
vegetation even after a three-year dry period.



Recommendations

• Review, Revise, and Adopt a Reach-based Prediction of Achievable 
Channel Pattern 

• Develop and Adopt a Revised Vegetation Encroachment 
Hypothesis

• Evaluate Current Berm Condition
• Evaluate and Revise the Conceptual Model for Coarse Sediment 

Augmentation and Update the Coarse Sediment Management Plan
• Repeat the Exposed Gravel Bar Census in Normal and Wetter Years
• Annually Estimate Detrimental Encroachment Risk to Inform 

Annual Flow Release Planning
• Evaluate Variable Summer Baseflows and Conduct Flow 

Experiment 
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