APPENDIX D

Geomorphic Analysis Information







Table D-1. Summary Table of Sediment Yield from Goodell Creek (Syvitski et al. 2005)

Basin Total Annual Total Annual Total Annual Total Annual

area average sediment |average sediment|average bedload | average bedload
Basin (km”2) input (tons/year) input (cyl/year) flux (tonsl/year) flux (cy/year)
Goodell to Landslide 86.53 142,300 109,500 21,400 16,500
Goodell Basin 99.05 197,500 152,000 29,700 22,800
Lower Goodell Only 12.52 55,200 42,500 8,300 6,300




Table D-2. Goodell Creek Alluvial Fan (Basin to Landslide), Skagit River watershed.
Sediment Yield Calculations from Syvitski et al. 2003, 2005 ** ONLY EDIT YELLOW CELLS **

Updated 06/12/14 by: CMA
Checked 06/12/14 by: JP

Input dry density: 1.3 tonslcy
Input bedload fraction .
Mass conversion: 907.1858189 kgfton (note 1 US ton is 20001b, and 1 kg is 2.20462 Ib)

Table 2. Regression coefficients for G = a A=t ?

Table 2. Regression coefficients on T, = w A~ = o7,

Global Sector a o o K

Polar (T<0 deg C) 0.00002 050 150 01 lobial Soctor u P [l w

Temperate (Lat>30N, T>0 deg C) 0000061 055 112 007 - -

Tropics (Lat 0 to 30 deg N) 0.31 0.40 0.66 0.1 . o oo 182 o1 0.78

Tropics (Lat 0 to 30 deg s) 057 0.50 037 0.1 At =30°N, T=0°C) .55 112 007 0,63

Temperate (Lat>30S, T>0 deg C) 0.0013 0.43 0.96 0.0 fLat 0 to 3N} 0.40 .8 0.1 0.58
Tropies 5 iLat 0 to 30°5) (1) 037 al 06T
Temperate 8 (Lat >30°8, T>0°C) LES) 096 a 0.5

Copy and paste ste-specifc regression coefiients below T...u.:‘::.:m-".m“ ture ("C} across A drainage basin ares (ke B = maximum relief from sea lovel to the mountain top (mi; G = long term

Global Sector a o o K

Temperate (Lat>30N, 750 deg C) 0.000061 055 112 007

Estimate Annual Average Sediment Flux
Total average  Total average annual  Sediment flux

Size of drainage  Average basin annual sediment sediment input from basin Bedload flux from  Bedload flux from
Basin relief (m) km?) _temperature (d input (kg/s) tons/year) tons/km*/year) _ basin (tons/year) __basin (cylyear)
Goodell to Landslide 2249 86.53 023 4.092 142,252 1,644 21,338 16,414

Lapse Rate Calculation (Syvitski et al., 2003)

Lapse Rate Lix) = (ap® +ay){1 — azexp[—(x/a: )]}
Latitude °Clkm} "
18687 7435360127 (modified quadrtic) (5)

Average Temperature Calculation (Syvitski et al., 2005)

Average Annual Average Annual Area-weighted

Temperature atbasin  Temperature at basin elevation  Area-weighted basin Average Basin

mouth (F) basin mouth (C) (m) elevation (km) Temperature (°C)

Tom om H H T T8 H) = Toimt) — [LixiH]
4961 9.783333333 1,285 1.29 0.228884005

Assumptions

Base temperature from Newhalem Wester Regional Climate Center website

Define relief s the local relief: difference between the maximum elevation in the watershed minus the pour point elevation at the mouth
Mass conversion:

Guidlines for estimating percent bedload
1) Global Average

Fable | Global flux fraction of total
"_‘:"‘“"":""_‘I:I Wt P il sy e s e I W i Mechanism (GThyr) fraction of total __excluding dissolved
- e Suspended load 18 072 0.90
prw— [ ey — Bedload 2 008 010
— Ll s Dissolved load 5 0.20
[re=———T W inan andd Total load 25
ot
bend kvl 2 "
it boad ] L
Cllacirs, wea e, 2 «
oetens
Wimd ar C Aarch
Macenrie, 1971
Lot rmaien ad n May. 19954
2) Mountain Rivers
Quasernary Research 65 (2007 111 - 120
Mechanism Relative volume fraction of total
Ballaad-to-sspended load mtio and rpid bedmek incision from 5 2e SEt—a 5 T
Himalayan landslide-dam lake necord Bedload i 033
Theth Pra-Sitmids **, Machalhe Conde **, Dvmaghas W harbank *, Michael Ok Total load 3

wsath ¥, Essemanuie] Ciaber *

Abstract

Aboss S400 cal y1 BP, a lge lanhlide formsed a >4#00-m-all dam in the upper Marsyandi River, central Nepal. The revulting licustrine and
deliaic deponits siretched =7 km upaream, reaching o thickness of 120 m. ''C dating of 7 wood fragments revesls that the apgradation and
submequent incision ocourred remasably quickly (- %00 yr). Recomstnscied vohames of lscustrine (=016 km') and delmie {009 km') deposins
inicate 8 bedoad-t-supended load ratio of 1-2, considerably higher than the = 110 that is commonly swumed. A the downaream end of the
landslide dam, the river mcised a mew channel through = 70 m of Groster Himalayan gnoms. requinng a minimum bedodk incision rete of 13 mm
yrover last 5400 yr. The magority of incision pressmably cocarred over a fraction of this time, saggesting much higher rates. The high bedload
Fatio fom wxh s encrgetic mountin e b s pariculsly ugefieant addision 1o our knowledge of saliment flus i orogenic enyironments
© 2007 University of Washingion. All rights reserved



Table D-3. Goodell Creek Alluvial Fan (Entire Basin), Skagit River watershed.
Sediment Yield Calculations from Syvitski et al. 2003, 2005 ** ONLY EDIT YELLOW CELLS **

Updated 06/12/14 by: CMA
Checked 06/12/14 by: JP

Input dry density: 1.3 tonslcy
Input bedload fraction .
Mass conversion: 907.1858189 kgfton (note 1 US ton is 20001b, and 1 kg is 2.20462 Ib)

~RssT

Table 2. Regression coefficients for = w AR Table 2. Regression cocfficients on T, = ayA= R~ o,

Global Sector o a o K

Polar (T<0 deg C) 0.00002 050 150 01 Global Sector a a a k R

Temperate (Lat>30N, T>0 deg C) 0000061 055 112 007 < = = = —

Tropics (Lat 0 to 30 deg N) 031 0.40 066 -0 Polar (T<0°C) ] i 210¢ 150 0.1 076

Tropics (Lat 0 to 30 deg s) 057 0.50 037 0.1 Temperate N (Lat >30°N, T>0°C) 6.1 10 112 0.07 0.63

Temperate (Lat>30S, T>0 deg C) 0.0013 0.43 0.96 0.0 Tropics N (Lat 0 to 30°N 031 0.66 01 0.58
Tropics S (Lat 0 to 30°S) 057 037 01 0.67
Temperate S (Lat >30°S, T>0°C) 1310 043 0.96 o 0.54

Copy and paste ste-specifc regression coefiients below T = the average temperature (°C) across A drainage basin maximum reliel from sea level to the mountain top (m); Qs = long term
sediment load (kg/s)

Global Sector a a o K

Temperate (Lat>30N, 750 deg C) 0.000061 055 112 007

Estimate Annual Average Sediment Flux

Total average  Total average annual  Sediment flux
Size of drainage  Average basin annual sediment sediment input from basin Bedload flux from  Bedload flux from
Basin m?) _temperature (deg C) input (kg/s) tonslyear) tons/km*/year) _ basin (tons/year) __basin (cylyear)
Entire Goodell 9904720434 294 568 197,416 1993 29,612 22,779
Lapse Rate Calculation (Syvitski et al., 2003)
Lapse Rate L(x) = (@™ +a;){1 — asexp|—(x/as l:]}
Latitude °Clkm} -
T 7435585157 (modified quadratic) (5)

Average Temperature Calculation (Syvitski et al., 2005)

Average Annual Average Annual Area-weighted

Temperature atbasin  Temperature at basin elevation  Area-weighted basin Average Basin

mouth (F) basin mouth (C) (m) elevation (km) Temperature (“C)

Tom om, H H T x,60,H) = T, (x,0) — [Lix

4961 9.783333333 920 092 2942793736 T ) = Tonfu) = (L]

Assumptions

Base temperature from Newhalem Wester Regional Climate Center website

Define relief as the local relief: difference between the maximum elevation in the watershed minus the pour point elevation at the mouth
Mass conversion:

Guidlines for estimating percent bedload
1) Global Average

Table 1

Tk} . Global flux fraction of total
“’"’:"“‘:\‘"IT“"‘,":' e B 0f Nedient, Huna Jond b oo moens Mechanism (GThyr) fraction of total __excluding dissolved
—e Suspended load 18 0.72 0.90
Transport Global flux_ Estimate Bedload 2 008 010
mechanism GTryear grade Dissolved load 5 0.20
Rivers: suspended 18 B Total load 25
tod
bed load 2 B
dissolved load s w
Glaciers, sea ioe, 2 c Hay, 1994
webengn
wind a7 ¢ Garrels and
Mackenzie, 1971
Coustal emsion 04 D Hay. 1994
2) Mountain Rivers
Quatcmary Rescarch 68 (2007) 111-120
+ e Mechanism Relative volume fraction of total
Bedload-to-suspended load ratio and rapid bedrock incision from — gEcS SR 3 o
Himalayan landslide-dam lake record Bedload i 033
Total load 3

Beth Prac-Sitala ™, Michelle Garde **. Douglas W. Burbank ", Michael Oskin®,

Anjun Heimsath . Emmanuel Gabet *

Abstract

About 3400 cal yr BP, a large landslide formed a >400-m-tall dam in the upper Marsyandi River, central Nepal. The resulting lacustrine and
deliaic deposits sireiched > 7 km upsiseam, reaching a thickness of 120 m. ''C dating of 7 wood fragmenis reveals that ihe aggradation and
subequent incision occurred remarkably quickly (~ 500 yr). Reconstructed volumes of acustrine (~0.16 kan®) and deltaic (~0.09 k") deposits
indicate  bedl ded Jood ratio of 12, y higher than the < 110 that is commonly assumed, At the downstream ond of the
andslide dam, the rives Incised & new channcl through = 70 m of Greater Himalaysn gneiss, mquiring & minimum bedrock incision raie of 13 m/
yr over last 5400 yr. The majority of incision presumably occurred over a fraction of this time, suggesting much higher rates. The high bedload
ratio from such an energetic mountain river is a particularly significant addition to our knowledge of sediment flux in orogenic environments.
© 2007 University of Washington, Al rights reserved







Figure D-1. Comparison of 2009
(NPS) minus 2006 (PSLC) lidar
data for the Goodell Creek

Road
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Figure D-1. Comparison of 2009 (NPS) minus 2006 (PSLC) lidar data for the Goodell Creek alluvial fan project area.





Table D-4. Summary of Aggradation Volume Assumptions for No-Action Alternative.

5 ft aggradation 255690 sf =47350 cy
3 ft aggradation 421121 sf = 46791 cy
1 ft aggradation 95535 sf = 3538 cy

Total volume = 97679 cy

Location Area (sf) Depth (ft) Volume (cf)

Red 255,690 5 1,278,450
Blue 421,121 3 1,263,363
Yellow 95,535 1 95,535
Sum 772,346 2,637,348

Lake Storage filled b/t 2003 and 2014
Bedload influx to Lake

Landslide-derived aggradation

10 years of aggradation to FAN in future

Volume (CY)

47,350
46,791
3,538

97,680

250,000 CY
25,000 CY/Year
5,333 CY/Year

303,333 CY/Year

Sediment wave seen in lidar on fan between 2006 and 2009 = 16,000 CY

(this is really coarse, cobble +)

Current sediment volume stored in lake = 250,000 CY (bedload only)

Remaining sediment storage in/above lake = 120,000 CY (bedload nly)









