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Model Development

To estimate annual sediment transport, a three-step process was used:  1) Calculate incipient motion within each cross section to estimate meaningful discharge (“critical discharge”).  WinXSPro is used as it provides channel shear at various water hydraulic radii and it was necessary to establish channel shear stress to compare against critical shear stress to determine incipient motion for each cross section – discharge output is NOT used.  2) Estimate sediment discharge at various flows using the sediment discharge: discharge relationship from the BAGS model.  The BAGS model (Wilcock et al.) is the primary model used to develop bedload transport.  The BAGS model is very sensitive to channel roughness for discharge estimates so the hydraulic radius: discharge relationship that is output from BAGS was used to test whether BAGS was providing a realistic discharge measurement (and subsequent sediment discharge estimate).  The n value that is input to BAGS is adjusted until field-based bankfull discharge is near the estimated model bankfull discharge.  3) Estimate total annual sediment bedload transport.  The sediment transport: discharge relationship that is output from BAGS was used with With-Project and Without-Project hydrology to determine total bedload transport.
Step 1 - Establish “meaningful” discharge by estimating incipient motion of D50.
1. D50 is used to establish critical shear stress.
a. D50 particle size comes from pebble count of cross section (Table 1, column L)
b. Critical Shields parameter and shear stress is based on particle size (Table 1 column M).  Critical Shields Parameter is based on the Guo formula as set out in the Channel Morphology Study Plan 1.1.
c. Channel shear must exceed critical shear (as estimated in Guo for each D50) in the cross section for “meaningful” discharge (this is the point of incipient motion).

2. Channel Shear is based on hydraulic radius and channel slope.
a. Channel shear is calculated using WinXSPro - WinXSPro provides hydraulic geometry and an estimate of channel shear (file 2_Sed Mod Input.xls).  The discharges that are output from WinXSPro are not accurate and much trial and error would be necessary to make the discharges accurate (e.g., adjustments of n-values); however, only channel geometry and channel shear are being used from this program and these are not dependent upon discharge estimates. 
b. Cross section profiles and slope for each cross section are entered into WinXSPro from files “2_Sed Mod BAGS Input.xls”.
c. Low flow and high flow slopes (Table 1, columns H and I) and depths 
(Table 1, columns E and G) are entered in WinXSPro to get a good estimate of channel shear at various slopes from low flow to high flow depths.

i. Low flow slope is based on water surface slope at low flow upstream to downstream in the immediate area of the cross section; low flow depth is the maximum depth at the time of the survey.

ii. High flow slope is based on the reach-average water surface slope the entire length of the reach; high flow depth is the maximum depth at floodprone elevation (twice the maximum bankfull depth).

3. Output from WinXSPRO provides hydraulic radius at low flow (Table 1, column N), bankfull (Table 1, column O), floodprone (Table 1, column P), and critical (Table 1, column Q) water depths.  Each of these values is highlighted (as shown) in the “2_Sed Mod Input.xls” file in the worksheet for the transect.
4. Hydraulic radius of each of the flows is used to test the BAGS model
a. Are estimates of discharge from BAGS at low and bankfull flow reasonable?  Low flow and bankfull discharges are known values; Table 1, column D.  Low flow is the depth and discharge at the time of the survey, bankfull is estimated using field indicators and estimated discharge when the water is at that level and often the PHABSIM high flow measured discharge).
b. What is the discharge at Critical Hydraulic Radius (i.e., the radius at which critical shear exceeds channel shear) (Table 1, column X and Z).  This value is used as “meaningful” in the calculation of total annual bedload transport 
(Step 3).
Step 2 – BAGS Model (Wilcock et al. 2009) – estimates of sediment transport/discharge relationship.
1. Use Wilcock and Crowe formula

a. N value –Goal seeking (Table 2, column T).  Begin with value estimated from WSP 2339 (Arcement and Schnieder 1984) for the main channel (the channel between the floodplains and bankfull flow) and adjust until output from BAGS model provides an estimate of discharge that matches BF discharge estimated from field indicators and PHABSIM discharge measurements.  Estimates of bankfull discharge are very sensitive to this n value that is given to the main channel.  There are limits to what n value can be used, e.g., some n values that generate a realistic discharge are too high for the roughness estimated based on grain size and program will not use a roughness correction.  Alternatively, the program will not use a very high n value with some cross sections.

2. Enter cross section data in meters (copy and paste from 2_Sed Mod BAGS Input.xls, worksheet labeled [site_transect]).
3. Enter extent and roughness of floodplain (the station established in the field for bankfull; Table 1, columns R and S).  N value for both left and right floodplains are estimated from WSP 2339 (Table 1, columns U and V).  Once PHABSIM estimates of floodprone discharge are available, these n values may be adjusted to achieve a realistic discharge from BAGS.
4. Enter particle size distribution (copy and paste from 2_Sed Mod BAGS input.xls, worksheet labeled [site_transect, columns I and J in the worksheet for each transect).
5. Enter slope (Table 1, column W); used reach-averaged water-surface slope.

6. Enter exceedance values (copy and paste from 2_Sed Mod BAGS input.xls, worksheet labeled [site_transect & exceed]).  Exceedance flows were synthesized for each site using analysis from the Hydrologic Alteration Analysis [cite] and have Without Project and With Project values.
7. Run program.  Workbook that is output from BAGS is saved with unique identifier for the site and transect (file [site] BAGS [“wo_project” or “w_project”] [transect].  Insert “convert output” tab at end that converts BAGS output to cfs and tons of sediment.  Use formulas established in the hydraulic radius/discharge relationship (estimate of discharge at hydraulic radii from Table 1, columns N, O, P, and Q) to estimate discharges.  You can review input on the “Input” worksheet of the workbook.
8. Use formula established in discharge/sediment discharge relationship to estimate annual sediment load (Step 3).

Step 3 – estimate Annual Bedload under Without-Project and With-Project Conditions (file 3_Total Sed Vol.xls).
1. Using synthesized daily average flow for each site (YCWA 2012), enter the formula so that the flow for the day is entered when it exceeds the critical discharge as calculated in Step 2 #7.
2. Estimate bedload for each day that critical discharge (Table 1, columns X and Z) is exceeded using the formula established in Step 2, #8 that uses that daily average discharge value to estimate a daily average sediment discharge.

3. Sum the total bedload for the year and divide by 42 (years of record) to get an average annual bedload in tons/year (Table 1, columns Y and AA).

4. Calculate T* by dividing the With Project annual bedload by the Without Project annual bedload (Table 1, column AB).  Average T* for each site (Table 1, column AC)

Because of the uncertainty of the transport capacity estimates (Wilcock et al. 2009), a Monte-Carlo simulation was done on the estimates of critical discharge (i.e., the discharge at which “meaningful” movement occurs).  Due to uncertainty in Manning’s n, critical Shields Number and grain size, a distribution of values was specified given an estimate of where the true value lies.  For Manning’s n, a range of values was given based on the n values estimated using WSP 2339, n value used in BAGS to estimate a bankfull flow that matched field estimates, and n values used in WinXSPro at high and low flow.  The range of Shield’s numbers used a range from 0.03 to 0.054.  The grain size used a range of the particles found within each site and determined to be part of the mobile, or transport, load based on location within the channel, size of the material, and evidence of movement.  The Monte-Carlo simulation program used was provided on a DVD from a short course (Sagehen 2009) and has been placed on YCWA’s public website.  There are many iterations of the program but it exists to make more informed estimates (P.Wilcock, Johns Hopkins University, pers. comm. 2013) and the particular one used for this study has been provided as “Sagehen_Monte_Carlo_GrainStress.xls” in the sediment transport folder.  The values used as input and output for the Monte Carlo simulation were copied and placed in a Word document “YCWA Crit Q Monte Carlo.doc.”  The output of the simulation cannot be repeated exactly because the program randomly assigns an “n” value, a Shield’s Number, and grain size from the distribution provided.  Each mean estimated by the Monte Carlo simulation should, however, be within or near the 95% confidence interval.  The annual bedload transport capacity (Step 3 above) was repeated using the mean values of the Monte Carlo critical discharge amount.  Each day the discharge exceeded this critical discharge was summed and divided by 42 to estimate an annual rate.  These results are presented in the file “4_Total sed vol Monte Carlo.xls.”
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9 3.00 4.75 9.50 0.0003 0.013 0.1 0.01 90 78 1.47 2.78 5.26 3.79 10.2 37.7 0.2 0.155 0.0675 0.013 644 10,388 642 5,946 0.57

12 2.02 3.30 6.60 0.0055 0.013 0.065 0.055

128

1

111 0.93 1.49 3.24 3.05 13.7 30.48 0.065 0.14 0.0975 0.013 1,110 113,037 1,130 50,414 0.45

13 2.90 4.61 9.22 0.0032 0.013 0.2 0.1 90 78 1.56 2.84 5.59 3.59 19.2 40.4 0.15 0.0775 0.0525 0.013 541 17,698 497 8,619 0.49

2 2.29 3.21 6.42 0.0153 0.013 0.025 0.1 128 111 0.88 1.5 3.6 2.7 5.3 24.8 0.08 0.17 0.17 0.013 847 22,993 874 13,947 0.61

9*** 1.91 2.94 5.88 0.006 0.013 0.18 0.17 128 111 0.93 1.61 3.47 3.12 28.7 43.1 0.055 0.1075 0.1075 0.013 1,052 989,206 1,033 344,008 0.35

12 2.22 4.29 8.58 0.008 0.013 0.15 0.065 90 78 0.8 2.21 4.1 2.41 28.6 49.2 0.12 0.17 0.0755 0.013 397 60,085 405 30,788 0.51

2 2.33 3.78 7.56 0.001 0.025 0.1 0.06 64 55 1.34 2.34 4.6 2.37 10.8 32.8 0.25 0.17 0.17 0.025 288 42,551 282 23,038 0.54

4 1.94 2.81 5.62 0.025 0.025 0.15 0.1 128 111 0.82 1.37 3.35 1.49 12.1 31.4 0.105 0.145 0.16 0.025 303 527,294 303 306,458 0.58

7 2.36 3.68 7.36 0.003 0.025 0.07 0.045 128 111 0.83 1.75 4.05 2.52 12.2 34.5 0.198 0.305 0.255 0.025 493 166,887 511 107,924 0.65

8 1.62 2.91 5.82 0.0002 0.007 0.1 0.065 45 39 0.93 2.04 3.8 2.98 11 24.7 0.059 0.123 0.123 0.007 308 34,186 300 5,223 0.15

10 1.72 3.06 6.12 0.0007 0.007 0.1 0.065 64 55 0.72 1.58 3.46 3.02 7.6 19.7 0.065 0.059 0.105 0.007 519 91,810 514 18,339 0.20

12 0.65 1.35 2.7 0.0138 0.007 0.2 0.065 45 39 0.41 1.01 2.15 1.26 3.5 16.2 0.04 0.123 0.23 0.007 211 621,583 218 70,094 0.11

7 2.28 4.24 8.48 0.003 0.029 0.2 0.1 256 222 0.69 1.5 3.97 3.15 10.4 38.7

0.12

3

0.12 0.17 0.029 1,697 496,822 1,941 111,315 0.22

8 1.56 3.47 6.94 0.003 0.029 0.2 0.1 256 222 0.78 1.42 2.97 2.75 21.7 42.7

0.19/0.13

4

0.12 0.17 0.029 848 508,643 644 11,005 0.02

10*** 2.15 2.84 5.68 0.002 0.029 0.2 0.1 180 156 1.16 1.61 3.25 2.62 18.7 27.4

0.06/0.14

4

0.12 0.12 0.029 852 9,602,619 536 1,166,607 0.12

1 2.4 8.71 17.21 0.0004 0.002 0.065 0.01

45

1

39 1.32 5.73 9.08 7.34 87.5 148.4 0.08 0.115 0.15 0.002 4,586 8,336 4,624 2,842 0.34

2 3.15 8.74 17.48 0.0095 0.002 0.15 0.01

120

2

78 1.36 4.99 9.49

6.6

2

9.5 51.9 0.037 0.16 0.0615 0.002 4,804 8,373 5,008 7,340 0.88

3 2.66 5.87 11.74 0.0009 0.002 0.13 0.12

38

6

78 1.33 3.37 5.43 5.43 3.4 39.9

--

5

0.0955 0.203 0.002 5,733 3,469 5,854 3,666 1.06

8 2.16 4.085 9.125 0.008 0.011 0.2 0.065 128 111 1.11 2.63 5.5 3.77 13.6 54.6 0.23 0.1 0.17 0.011 805 589 954 124 0.21

11 4.72 7.07 14.14 0.007 0.011 0.5 0.3 128 111 2.11 3.58 7.3 4.22 7.2 32.9

0.065

3

0.17 0.09 0.011 1,822 2,038,654 2,056 318,129 0.16

15 2.515 3.445 6.885 0.004 0.011 0.1 0.065 90 78 0.98 1.69 3.21 2.82 13.2 44.5

0.065/0.09

4,3

0.17 0.17 0.011 1,513 2,208,773 1,334 20,184 0.01

* - trial and error to get BAGS Q estimate to match BF Q estimate based on PHABSIM and/or field indicators

** - based on WSP 2339

*** - used reduced cross section that did not incorporate large immobile boulder bar on left-bank ascending

1 - D

35

 was used as there was insufficient channel shear to exceed critical shear for D

50.

2 - used hydraulic radius at maximum shear before shear decreases as floodplain inundated, particle size of 120 mm provides critical shear; estimates at BF flow showed movement but there was no movement during PHABSIM measurements at this discharge.

3 - maximum possible 'n' value that would allow BAGS to run; flows are overestimated

4 - different 'n' values were necessary for Without Project and With Project hydrology to get matching Bankfull Q estimates

5 - main channel n was not used in BAGS model as n values used for roughness correction is smaller than what is calculated based on grain roughness.

6 - used channel shear at floodprone depth, which equates to channel shear of  32.6 N/m

2

; critical particle size equates to 38 mm.
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