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1. Introduction

For many years land managers have been concerned by the hydrologic and erosional
changes wrought by disturbances such as timber harvest, road construction, and fires. The
changes of concern include the alteration of peak, median and low flows, the degradation of
water quality due to increased sediment inputs, and changes in channel morphology.
Natural or anthropogenic disturbances have been shown to increase surface erosion by
orders of magnitude over undisturbed hillslopes (Megahan and Kidd 1971, Coe 2004). The
cumulative impacts of multiple disturbances over space and time are of great concern to
resource managers but are poorly understood. In response to the need to understand and
predict the effects of different land management scenarios, we are developing a suite of
spatially explicit, cumulative effects models for forested watersheds. The overall goal is to
provide land managers with a set of tools to assess changes in runoff, surface erosion, and
downstream sediment transport due to forest harvest, roads, and fires (Figure 1). The Delta-
Q model calculates changes in flow. The FOREST model (FORest Erosion Simulation
Tools) calculates changes in the sediment regime. This document covers the sediment
production and hillslope delivery components of FOREST. Sediment routing is under
construction.



Instructions for Delta-Q are in a separate file at
http://www.warnercnr.colostate.edu/frws/people/faculty/macdonald/model.htm or if you have
installed the model software, this documentation is in your installation directory at
..\documentation\ DeltaQ_docs.PDF.

Figure 1. Cumulative watershed effects model
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FOREST model overview

Hillslope sediment production

The hillslope sediment production model uses polygon GIS layers of land disturbances (fire
and timber management) to calculate sediment production. This model assumes a linear
recovery of the post-disturbance landscape to pre-disturbance or background rates of
sediment production. The user provides a GIS polygon layer of disturbances with the date of
disturbance. For each type of disturbance users must input an initial erosion rate and the
number of years that it takes for the hillslope to recover to pre-disturbance levels of
sediment production. The user also provides a background sediment production rate or
accepts the default rate. Help files with lists of measured values are provided to help users
select values that are appropriate for their sites. Predicted sediment production rates can be
modified by inputting another GIS layer that adjusts for factors such as fire severity or soll



type categories. The user can input separate background rates of erosion and erosion
weights for each different category in the additional layer. The model creates annual
sediment production GIS grids for each disturbance type. Annual sediment production grids
are combined by maximum cell value. The model results in GIS grids with annual maximum
sediment production rates for each disturbance and combined disturbances in Mg/ha yr and
summary tables of results for individual and combined disturbances.

Roads sediment production

Road sediment production is treated separately because roads are linear features rather
than polygons and they are presumed not to exhibit any recovery over time. Three methods
can be used to calculate road sediment production in FOREST:

1) An empirical equation developed on the Eldorado National Forest in the central Sierra
Nevada of California (Coe 2004):

SP (kg/yr) = -356 + 106 * graded + 3.3 * area * road gradient + 0.6 * storm erosivity

graded can take values of "1" for roads that have been graded within the last few

years or are heavily used and "0" for roads that are neither.

« area (m?) of the road segment is the user-defined width times the arc length of the
road segment. Arc lengths can be adjusted within the model.

e road gradient (m/m) is calculated by the model using the roads layer and an
elevation grid provided by the user.

o storm erosivity (MJ mm / ha h yr) is the total annual storm energy times the

maximum 30-min rainfall intensity for an area. Help is provided in the form of

isoerodent maps.

2) An empirical equation for sediment production from roads in Oregon (Luce and Black
1999).

SP (kg/yr) = a * length * (road gradient)?

» The default value for the a coefficient is 717, but model users can change this to
better represent their area of interest.

e The length (m) of each road segment is taken from a GIS layer.

» The road gradient (m/m) is calculated by the model using the roads layer and an
elevation grid provided by the user.

3) Users can directly input the amount of sediment produced per unit area by different road
types or users can join a pre-constructed look-up table of sediment production rates to their
roads layer. Input values can be developed from field measurements or from other models,
for example, WEPP:Road.

(Back to top)



2. Installation notes and instructions

e All program files and documentation are located in FOREST_DQ2006.zip. Unzip
FOREST_DQ2006.zip to a temporary directory— it is in winzip format. Using
Windows Explorer, you should see the following files:

o Setup.Ist, Cemod.cab, Setup.exe.

To install FOREST and DeltaQ, double Click on setup.exe to start the setup
program. It will lead you through the usual questions — are all other applications
closed, where do you want to put the program - follow the defaults.

PLEASE DO NOT INSTALL THIS PROGRAM IN THE PROGRAM FILES DIRECTORY
OR ANY DIRECTORY WITH A SPACE IN THE NAME.

Licenses and Systems

Forest and DeltaQ require an Arc9.x license and software located on the PC. Previous
versions were tested with Arc 8.2, but the current version has not. There is a good chance
that it will work on Arc8. It has not been tested with less than a full copy of ArcGIS including
Arclinfo installed. This version was tested in Windows XP Pro.

This software will not work on UNIX systems.
Error Messages

If you get a message that says “Unable to generate log file...”, please talk to your systems
administrator; you do not have permissions to load the software onto your PC.

(Back to top)

3. Spatial data requirements
Notes:

1. All GIS layers, i.e., coverages and grids must be in the same projection. Units must
be meters.

2. Polygon coverages must have polygon topology (Arcinfo: build yourcovername poly;

Arc Catalog: coverage properties\build).

All coverages must be in the same workspace.

4. Users must have write access to the workspace containing the coverages. CEMod
contains a utility to copy coverages between workspaces.

5. Data must not contain commas. Commas are commonly used to separate the
different fields and may lead to errors in reading the data.

het



Hillslopes disturbances

The user will need to provide the following spatial layers:

Arclnfo polygon watershed coverage to specify the area of interest. The user will be
asked to select a character field containing the names of watersheds.
At least one Arcinfo coverage of disturbance:
o Forest management activities with fields containing year (format = numeric
yyyy) and type of harvest or activity (format =character);
o Fires with fields containing year (format = numeric yyyy) and fire severity.

Land cover polygons without any disturbance type are assigned a background rate of
sediment production and assumed to be undisturbed for sediment delivery
calculations. See sediment production and delivery model documentation for details.

Arclnfo stream coverage.

Additional coverage of a controlling factor (optional). This layer must contain a
character field that identifies different categories for this factor, e.g. soil types, fire
severity.

Elevation grid with elevations in meters.

Soil grid with values: clay and silt loam=1 or sandy loam=2).

Roads

Required coverages:

Arclnfo polygon watershed coverage. The user will be asked to select a character
field containing the names of watersheds.

Arclnfo roads coverage.

ArcInfo stream coverage.

Eldorado Model (Coe 2004)

The roads layer must contain a numeric field signifying recently graded (1) or
ungraded (0) roads.
Elevation grid in meters.

West Oregon Model (Luce and Black 1999)

Elevation grid in meters.

(Back to top)
4. Instructions for FORest Erosion Simulation Tools (FOREST)



Cumulative Effects Model
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Click anywhere on this splash screen to continue

Click on the initial splash screen to bring up the main menu.

CEMod

Copy Coverage ‘ Export Results Table |

DELTA-Q: Click on this button to begin the DELTA-Q module. This calculates
DELTA-G changes in flow for the area of interest over a specified time period

FORest Erosion Simulation Tools: These modules calculate surface erosion,
. FOREST | sediment delivery to the stream network, and sediment transport due to forest
; : harvest, fires and roads for the area of interest.

The two buttons at the top of this screen initiate
utilities that may be useful in running the madels.

8 "Copy Coverage" is used to copy Arcinfo
coverages from one workspace to another. This
can NOT be done using Windows Explorer due o
internal database issues

"Export Results Table" allows you 1o change the
results table from Arclnfo format to a
comma-delimied text file that can be used in
spreadsheet packages.

Help Quit

Click on the FOREST button to access sediment production and delivery models for
hillslope disturbances and roads, and to combine these effects. To run the different options
click on:

» Calculate sediment production from hillslope disturbances,




» Calculate sediment production from roads,
o (Calculate sediment delivery from hillslopes and roads.

Note: before quitting the program, you can copy any coverages or tables created by the
program to other names in order to save them. When the program quits it will delete many
of the interim files it has created to avoid cluttering up your hard drive with unrecognizable
and seemingly meaningless junk (which is actually essential to the running of this model).
However deletions by the user of some of the aforementioned junk may prove to be
detrimental to future model runs. Any grids named by the user will not be deleted.

(Back to top)

FOREST (FORest Erosion Simulation Tools)

; 7 This rasterbased model calculates surface erosion from forest

Calculate sedirnent harvest, roads and fires. Key inputs include vector layers

: | (watersheds, one or more activity layers, a layer depicting
prodgcﬂon from A1 controlling factors), the years to simulate, and the number of years

hillslops | toretumn to background erasion rates. Model outputs include

4 mapped sediment production rates and tabulated sediment

production by year.

Thig get of models calculates sediment production fram roads as
Calculate sediment a function of user-defined variables such as road slope and road

production from surface area. Default road erosion values and equations are
roads available along with a help screen listing published road erosion
rates. Model outputs include mapped sediment production rates ; >

and tabulated sediment production by year.

These models combine previously calculated sediment
Calculate sediment production layers with DEM_S, soils, climate, and stream

- layers to calculate annual hillslope and roads sediment
delivery delivery. A look up table derved from the WEPF model
provides sediment deliveny rates.

) Elah, blah, sedimenttransport...
Calculate sedimerit

transport (not yetll)

Close

Calculate sediment production from hillslopes disturbances

The hillslope sediment production model calculates sediment production from areas of fire
and timber harvest using a linear recovery equation. A series of three forms lead the user



through data inputs for hillslope sediment production and delivery. Details of the required
GIS input layers are listed in Section 3: spatial data requirements. The user must provide
initial erosion rates and the number of years to recovery for each type of disturbance, years
to model, and select a grid cell size for output grids.

The hillslope sediment production model combines the results of the sediment production
grids for fire and timber harvest by using the maximum value for each grid cell. The input
layer names and values are saved in a parameter file in the user-selected data directory.
This file is used to calculate sediment delivery, and it also means that the user can return to
the model run at a later date to view inputs (except initial erosion values and years to
recovery) and calculate sediment delivery. Note that the layers clipped to the watershed(s)
are saved under a different name to preserve the original data. These new layer names are
saved to the parameter file at the end of the sediment production calculation and will appear
in input form 2 if the load parameter file button is clicked after sediment production has been
calculated.

The hillslope sediment production model outputs sediment production GIS grids for fire,
timber harvest, and combined effects (hillspyyyy), and two summary tables of total, mean,
minimum, maximum, and standard deviation for separate and combined sediment
production (see below for tables).

Input form 1: When you click on the "Calculate SP from activities and events", the form
(Follow the numbered steps...1 of 3) will appear. This form allows the user to select the data
directory and define the watershed of interest. If step 4 (Choose a watershed) is skipped, all
of the watersheds will be processed if data are available.



Follow the numbered steps to calculate sediment production (1 of 3). Select the data directory

1. Selectthe data directory . —_ Drive | Sc j
"'/.“.-'v_;s e =) X
2. Click belaw to choase a = —asam
watershed coverage that adata
defines your area of interest. :
- &= cemod_test data

all_shedsp e - _l’ij [ aggsp19a0

- el 4

fires_test [Jaggspiga

faresf test 4. Click belowta choose a [Jaggspiase

eomarpholo ;
W particular watershed. Ifyou select D aggep1983

nothing, FOREST will run for all the g 1984

sheds_a watarsheds inyour coverage. 1 aggsp

soils [ Jaggsp1aas

sp_tmp_act Dogtown A, Da 501936

sp_tmp_cf Dry A . gosp

sp_tmp_ws hcKinney A Ij agosp1487

sumeffpoly Steely & [Jaggsp19a8
test
b [_:| agosp1989 v
watersheds

Cancel

3. Click below to choose a
field containing watershed
identifiers.

AREA

PERIMETER
SHEDS4#

SHEDS4D
SHED_MAME
AREAKMS

Continue == Cancel

Input form 2: Click on "Continue >>" to bring up the second input form (2 of 3). This form is
divided into inputs for fire (steps 5-9), timber harvest (steps 10-14) and layers pertinent to
both types of disturbance (15-18). Steps 5, 8, 10, and 13 will automatically list the polygon
layers available in your chosen data directory. By choosing an activity layer to process
(5,10) and a layer depicting the controlling factor (8,13), a list of available fields of data
within the layers will be shown under steps 6, 7, 9, for fire and 11,12,and 14 for timber
harvest. The controlling factor layer can be the same as the activity layer and is optional.
Choose fields appropriate to each description. For step 17, select a grid that contains the
values 1 for fine soils, predominantly clay loam and silt loam and 2 for sandy loam and
coarser soils. Clicking on Step 18 shows a dialog window that enables the user to select a
climate file. More information on creating and selecting climate files is available in
c:\forest\documentation\Create_sediment_delivery_file.doc or where ever the program is
loaded.

Saving and Loading data: Having completed all the data entry steps to this point, the user
can save a parameter file with these values in it. This enables calculation of sediment
delivery in the next step and facilitates multiple model runs for sensitivity analysis. The



parameter file saves all names of data inputs from this form, the watershed information from
the previous form, sediment production grid names, years and cell size information from the
third form. The parameter file does not save erosion rates specified in the third form. The
parameter file is located in the user-selected data directory and is called
parameter_file_sp.txt. On running the model a second time, when this form appears, the
user can "Load parameter file" and these same data will be selected automatically. When
the production routines have been run, a second file will automatically be saved
(parameter_file.txt), this contains the names of the GIS layers that are clipped to the
selected watershed(s) and other parameters for use by the sediment delivery model. Click
on "Continue >>".

Follow the numbered steps to calculate sediment production (2 of 3).

Complete either the fire or the timber management information or both. e H oW e e e et
an elevation grid:
Fire Timber management |elev_sheds =
16. Select a stream layer:
5. Click the down arrow to choose afire 10. Click the down arrow to choose atimber |stream ﬂ
coverage. harvest coverage.
|files_test j |folest_test ﬂ 17. Selecta sail grid
(clay loam and silt loarm = 1;
B. Click the down arrow to choose afield 11. Click the down arrow to choose afield el
containing the wear of each fire. The year containing the year of each harvest The |su:|i|g ﬂ
field must be in the form vy This is wear field must be in the form ywasy. This is
needed to know when erasion and needed to know when erasion and recoveny
recovery begin. begin. 18. Select a climate fils
|VEAR -] [YEARCUTNLIM -
7. Click the down arrow to choose a field 12. Click the down arrow to choose afield
containing the fire severity. This will be containing the management type. This will be Load parameter file
used to assign initial sediment production used to assign initial sediment production
rates and the number of vears to recovery . rates and the number of years to recovery .
[SEVERITY =] |SILACS_TY = e
8. Click the down arrow to choose a 13. Click the down arrow to choose a
coverage depicting the controlling factor coverage depicting the controlling factor for
for sediment production. Altematively sediment production. Alternatively chose
chose "Mone" to exclude the controlling "Mone" to exclude the contralling factar Cantinue 3
factor option. option.
|soi|s j | ﬂ
<< Back
9. Click the down arrow to choose a field 14. Click the down arrow to choose a field
depicting the controlling factar, such as depicting the contralling factor. such as soil
soil type orfire severity. This factor is type or fire severity. This factoris used to Help
used toweight the sediment production weight the sediment production
rates.(Optional with step 8). rates.(Optional with step 13).
|SOIL_NO =] Mone - Cancel
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The processing window will appear to let you know that the program is clipping all layers to
the chosen watershed(s). For this processing step, the original data layers are copied so
that no data are lost or altered.

Input form 3: Similarly to input form 2, sediment production and recovery time inputs are
separated by fire and timber harvest activities (steps 18-20).

& Follow the numbered steps to calculate sediment production (3 of 3).

17. Enter a background or undisturbed sediment production rate

(Maihajm). 0

Fire Timber management

18a. Enter background sediment
production rates by controlling factor.

19a. Enter number of years to recowveny 19b. Enter number of wears to recowveny
and sediment production rates. and sediment production rates.
20a. Enter a name for this simulation®. 20b. Enter a name for this simulation®.

FireSP THSF

*The name will be used to name a table to store the results and to name the sediment production
grids. If the table already exists, itwill be overwritten. The first character must be a letter, and blanks are
not allowed,

21. Enter the years wasy) to model sediment. Bedlie oo B

22, Choose a gnd cell size. ‘ ‘

" 10m " 30m

23. Calculate sediment production

<< Back Close Help

Step 17: the user can enter a background sediment production rate or can accept a default
undisturbed sediment production rate of 0.1 Mg/ha/yr (Riebe et al 2000).
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Click on step 18 to show the input form for the controlling factor weights. Step 18 is
disabled if a controlling factor was not selected in input form 2. In the example, a controlling
factor was not selected for timber management, so step 18b is disabled.

Enter. Sediment Produdtion Rates in Mg/ha yr

Double click and enter erosion weights and background
sediment production rates for each type of controlling factor, Hit
'Enter' to movwe ta next raw.

SOIL_MNO Background 5P Mg,-’| Erosionweight
1 0.100000 1000000
2 0.100000 1000000
3 0100000 1.000000

Mote: Sediment production in areas without an initial rate will
be calculated using the background erosion rate.

0]4 | Cancel |

Click on step 19 to show the data input form with a line for each type of disturbance in the
GIS layer - fire severity is shown in the example below. The user-selected disturbance type
will appear in the first column. The second and third columns can be edited for the number
of years to recovery and initial sediment production rates respectively. Land cover types
must be chosen for each line in the fourth column to calculate sediment delivery and
recovery. Click on OK to return to the main input form.

Enter the number of years to recovery.
Double click and type to assign vears to recovery or to assign an initial erosion rate for each
categony. In the third calumn, click the down arraw to view and click to select a land cover type. Hit
'Entet’ to mave 1o next row.

SEVERITY Years to Recovery  |Begin SF Mogtha yr |Management or Cowver

QK | Close |

12



Step 20: Enter a name for this simulation. This will be the prefix for output tables and grids.
The character limit is 8, no spaces are allowed, and the name must not begin with a
number.

Step 21: Enter the beginning and ending years of a period of time to be simulated by the
model or enter the beginning year to simulate one year.

Step 22: Choose a grid cell size: 10 or 30 m, based on the cell size of your elevation grid.

Click on step 23. Calculate sediment production. After calculation, yearly sediment
production grids for each disturbance and combined effects (hillspyyyy) will be available in
the user-selected data directory with the user-given prefix and year, e.g. firesp1987. By
clicking on "Calculate" the parameter file is automatically updated with the names of layers
clipped to the selected watershed(s), and items input in the third input form as described
above.

Outputs include two summary tables: 1) watershed name, year, watershed area, total,
mean, minimum, maximum, and standard deviation sediment production for fire and timber
harvest separately and 2) the same column headings for the combined effects.

Display Sediment Production (SP) Results

‘wWatershed |'vear  [Arealkm2)] | SP [total Madw) |Mean [Masha w | Min Mosha w) [ Max (Mosha w | Std Dev [Mosha ) ~
Fire5P_th
Dogtown &' 1987 141799 141.7990 01000 01000 0.1000 0.0000
Doghown &' 1988 141799 145.7870 01028 01000 0.2000 0.0165
Doghown &' 1989 141799 1451223 01023 01000 01833 0.0138
Dogtown &' 1990, 141799 144 4577 01019 01000 0.1667 0.0110
Dy &' 1987 125720 735.9950 05854 01000 1.6000 0.7018
Dy &' 1988] 125720 £35.0765 05052 01000 1.3500 0.5844
Dy &' 1989 125720 533.2317 0.4241 01000 1.1000 0.4675
Dy &' 1990, 125720 431.3868 03421 01000 0.8500 0.3506
MeKinney &' 1987 36797 36.7970 01000 01000 0.1000 0.0000
MeKinney &' 1988 36797 36.7970 01000 01000 0.1000 0.0000
McKinney & 1989 36797 36.7970 01000 01000 0.1000 0.0000
MeKinney &' 1990 36797 36.7970 01000 01000 0.1000 0.0000
Steely &' 1987 9.4060 343.6000 03653 01000 1.6000 05723
Steely &' 1988 9.4060 302.2290 03213 01000 1.3500 0.4769
! 1989 9.4060 260.6025 02771 01000 1.1000 0.3815
P 1990 9.4060 218.9760 02328 01000 0.8500 0.2861
THSP_thl
Dogtown &' 1987 14.1803 1436135 01013 01000 0.4000 0.0179
Doghown &' 1988]  14.1803 143.2525 01010 01000 0.3500 0.01430 v

The last four columns represent the mean, minimurm, maximum and standard deviation of sediment
production rates by grid cell.

Export Table Close

Below is the sediment production table for a model run of 1987 - 1990 that shows combined
hillslope disturbance sediment production.
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Combined Sediment Production Table

piieihed e ﬁ:ri;] P:degir;wafw] [‘:JZ;haxm F:Aa;fham] Eé'lﬂfﬁ%if}
Dogtown & e 1 01 01 04
Dogtown & T i i 035
Dogtovn & T 01z i 04
Dogtavn &' [T 01z 01 04
Dip & I 059 01 15
Dip & I 051 01 135
Dy & I 0.4 01 11
Dip & I 036 i 085
MoKinney & I i 01 01 01
MoKinney &' L 4 i i i
Mokinney &' 1989 s 013 01 04
MeKinney &' 1390 s 014 01 04
Stealy & I 3 038 01 15
Stesly 4 L 3 034 01 135
Stealy &' 1583 3 028 01 11

Amore detailed table of results can be found in text format at
Chasamidataitest_costpdiHillsp_thlxt
Column headings for the data table are listed in Hillsp_cols t

Yearly hillslope sediment production grids can be found at
Chasamidataitest_costpdiHillspyaasy

(Back to top)

Calculate sediment production from roads

When you click on "Calculate sediment production from roads", a form will appear with
instructions and descriptions of the roads models. Help is available in the form of published

values of sediment production from roads, with corresponding road slope, traffic, location,
and study reference.

14



Sediment Production - Roads

1. Selectthe data directory.

2. Choose awatershed ta
define vour area of interest.

5. Choose a sediment production model or impart results
from other models.

3. Click below to choose a roads

lawer.

et " Eldorado Road model (Coe. unpublished M.S. thesis. 2005).

fSSE; Road Sedimert Production (kgjw) SP =356 + 106 * G + 3.3% A*S + 0 *SE

rods

rdsh3 where 5 = road slope in m/m, A = area in m2, G = graded (1) or ungraded (0). and SE = annual

rdsc starm energy in bJ mm ha-1 b1,

rdsd

rgs]:a & MWest Oregon model {Luce and Black 1999);

rols

rdsg Foad Sediment Praduction (kgdr) = a* Length* Slope * Slope

rds_ws where ais an empirical coefficient

stream

tsrtr:sam_wsclp " Seta fixed sediment production rate.

trnp_act

trap_str " Input variable rate by a user-selected field in the roads layer.

tmp_str100
" Impont variable rate lookup table and join to the roads layer.

Models such as WEFPF.Road and SEDMODLZ alzo can be used to generate 5P wvalues far the
4. Marme the new line layer that will area of interest. These values can be incorporated into FOREST using either of the variable
be created and clipped to vour rate options listed abowve.
watershed(s). If the layer already
exists, itwill be overwritten.

rdsclp
Continue »> ‘ Cancel Help

Steps 1-2 are described in hillslope SP. Step 3: choose a roads layer from the arc layers
listed below. This layer will not be altered but will be copied to a layer of the name specified
in step 4. If a layer with the name provided exists, it will be overwritten.

Step 5: Click on one of the options to choose a roads model. The roads layer will be clipped
to the chosen watershed(s) and the total road length will be calculated.

Finished Reselecting Watershed: Al
Length of roads (km): 134.5

Road Erosion Models:

e Eldorado (Coe 2004)

15



e West Oregon (Luce and Black 1999)
o Variable rate input
o Fixed rate input

(Back to top)
Eldorado road model (Coe 2004)

The two empirical models (Eldorado and West Oregon) require calculation of road slopes
using an elevation grid (steps 5 and 7). Step 6 (optional) allows the user to divide road arc
lengths into smaller lengths. Shortening arc lengths captures more topographic variability so
gradients that are subsequently calculated will more closely reflect actual road slopes.
However the arc length must be longer than the elevation grid cell size. If both ends of an
arc fall in the same grid cell, the gradient value will equal zero.

w| Sediment Production - Roads

. Shorten arc lengths to & maximum length for gradient
calculation (optional). The arc length must be longer than
the diagonal of wour grid cells to enable calcuation of a
walid gradient. Road density and size of the study area
will affect processing speed.

5. Click belowto choose an
elevation grid to calculate road
gradients.

3 Enter the new arc length in meters and click on "Shorten
firesp1 388 arc lengths" .

firesp1989
firesp1930

hillzp1988 100
hillzp1983

hillzp1950

zailg

tmp1

tmp_act_wr .
tmp_backrate 7. Calculate arc gradients
trp_el
tmp_hydrec
tmp_weight
tp_wiz_grid

. Shorten arc lengths.

Continue > Cancel Help

The input window for the Eldorado model will list fields in the roads coverage in three list
boxes. The length and gradient fields are automatically chosen, but can be altered by the
user if necessary. The user will need to click on the field that describes whether the road
has been graded within the last 2 years (1) or not (0). If this field is not included in the GIS
layer, the user can select a constant value of 1 (all roads graded) or 0 (no roads graded).

16



Road Sediment Production Model - SN

Road Sediment Production (kghr) SP=-386 + 106" G +33*A"S + 06 " SE

where 3 = road slope in mfm, A = area inme, G = graded (1) or ungraded (0], and SE = annual storm energy in kJ

mrm ha-1 hr-1.

MNegative values are converted to zero.

8. Choose aroad gradient field

10. Choose a graded field (values 1 or 0 onky) or choose a
canstant walue of 1 ar 0.

FNODE# ~ 0 ~
TNODE# _
LPOLY# FHODE#

RPOLY# TNODE#

LENGTH LPOLY#

JUNK23# RPOLY#

JUNK23-D LENGTH

RDS_\WS# JUNK23#

RDS_WSHD JUNK23-D

TRANSFINAL RDS_\WS#

TRANSFINALA RDS_WS-D

ROUTE_NO TRANSFINAL

SURFACE_TY TRANSFINALA

ROADTYPE ROUTE_NO v
FUEL_ROAD

GRADIENT = Fioad width (m) defaults ta 3m. 3

9. Choose a road length field
FNODE# ~ ‘

THODE# 3 11. Conwvert and enter starm erosivity VAT SRR i R

LPOLY#

RPOLY#

JUNKZ3#

JUNK23-D Multiply by 17.02
RDS_\WS#

ADS WSHD Megajoule mlzlmilnfntfnr*hgjcﬁiqa] hour-1 oTE 3
TRAMNSFINAL

TRANSFINALA
ROUTE_MNO
SURFACE TY ‘

Hundreds of foot* tonf* inch * (acre * hour)-1

)

ROADTYFE Calculate
FUEL_ROaAD
GRADIENT b

Close ‘

The default road width is 3 m. The user must determine annual storm erosivity in either
metric or English (imperial) units: the form will convert values automatically. Storm erosivity
maps are provided for California, Oregon, Washington, and the Eastern and Western USA
(Renard et al. 1997)
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. Choose SE map. E]@

Choose storm erosivity from available area maps.

(Source: Predicting soil erosion by water: RUSLE. USDA Handbook AH703).

Califarnia

Cregon and Washingtan

Eastern LSA

Wiastarn LISA, Close

Click on calculate to continue. A summary window will be displayed with a table of sediment
production by watershed. The roads data layer will contain fields called sn_sp and
sn_spkg_myr which contains the annual sediment production in kilograms for each road arc
and annual sediment production in kilograms per lineal meter.

(Back to top)
West Oregon road model (Luce and Black 1999)

The empirical models (Eldorado and West Oregon) require calculation of road slopes using
an elevation grid (steps 5 and 7). Step 6 (optional) allows the user to divide road arc lengths
into smaller lengths. Shortening arc lengths captures more topographic variability so
gradients that are subsequently calculated will more closely reflect actual road slopes.
However the arc length must be longer than the elevation grid cell size. If both ends of an
arc fall in the same grid cell, the gradient value will equal zero. Click on Next to continue.
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ui, Sediment Production - Roads

&. Shoren arc lengths to @ maximum length for gradient
calculation (optional). The arc length must be longer than
the diagonal of wour grid cells to enable calcuation ofa
walid gradient. Road density and size of the study area
will affect processing speed.

5. Click below to choose an
elewvation grid to calculate road
gradients,

: Enter the new arc length in meters and click on "Shorten
firespl 388 arc lengths".

firegpl 929
firezp1 290

hillzp1 982 100
hillzp1989

hillzp1930

znilg

tmp1

tp_act_ur i
tmp_backrate 7. Calculate arc gradients
trp_el
tmp_hypdrec
tmp_wweight
trp_wz_grid

G. Shorten arc lengths.

Continue >> Cancel Help

In the West Oregon model window the three list boxes contain fields from the user-selected
roads layer. The length and gradient fields are pre-selected but may be changed. The user
can choose to summarize sediment production by an additional field such as watershed.

Step 10: Luce and Black found that sediment production was proportional to a coefficient
times the road segment length times the road segment slope squared. Since the value of
their coefficient was 717, this is the default value. Users can input a different coefficient if
they choose.

Step 11: Enter a name for a new field in the roads layer to store sediment production values
for each road arc.

Step 12: Give a name for a data table to store summary results.

Click calculate to continue; a table of results will appear. Spatial data is stored in the data
layer and field that the user named. Summary results are displayed in a table.
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Road Sediment Production Model - PNW

different from those chosen below:

8. Choose a road length and road gradient value if they are

9 Choose afield to summarise
results e.g. by watershed.

FHMODE# o JUNKZS-ID ~ FUEL_ROAD A

THODE# RDS_WS# GRADIENT

LPOL# RDS_WS-D GRADED

RFPOLY# TRAMSFINAL AREA

TRANSFINALA PERIMETER

JUNKZ3E# ROUTE_MNO THP_WS-D

JUNEZ3B-ID SURFACE_TY ‘SHED MAKME

JUMNEZ 3 A% ROADTYFE AREAKMS

JUNEZ3AAD FUEL_ROAD AREA_WS L

JUNEZ3# v GRADIENT THP_WS# v
10. Choose a coefficient if different, fram Luce and Black {1993 717
11. Name a new field to store SF in the data layer. If it already exists, itwill be -

PMMW item

owerwritten. Use upto 13 characters and begin with a letter.

12. Mame anew table to summarise 5P, ie. <yourtablenametbl. it already  |SPpnw
exists, itwill be overwritten. Lse upto 10 characters and begin with a letter.
Calculate Cancel

(Back to top)
Variable rate input road model

The user can input a series of sediment production rates that correspond to road attributes.
These sediment production rates can be developed from field measurements or a model
such as WEPP:Road. Two variable rate methods are provided to enable the user to do this
and they are described below.

1) The user can select a field in the roads layer that contains attribute data and input
sediment production rates for each different type of attribute (e.g., surface type) in steps 6
and 7. The program will input the values into the roads layer, summarize by a field (e.g.,
watersheds), and calculate total road sediment production.
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& Sediment Production by variable rate

Sediment production (kg) is calculated by the input
rate for each type tirnes width and length.

5. Input width in meters:

6. Select a field in the data layer to assign individual
SP rates:

7. Assign SPrates

8. Name a new field to store SP in the data layer. IT it already
exists, it will be overwritten. Use up to 13 characters and
begin with a letter.

9. Choose a field for summarising road SP (e.g. list by
watershed. Optional)

<< Back Cloge

Help
(see values from other studies).

ROUTE_NO el
SURFACZE Ty

ROADTYFE
FUEL_ROAD
GRADIENT .
GRADED 3
AREA
FERIMETER

lis

SPvariable

GRADIENT
GRADED
AREA
FERIMETER
TMP_'\WE-1D

>

SHED NAME
‘ AREAKMS

AREA WS

TMP_W/S# v

= Assign SP rates to data layer

to rose down & Fow.

SURFACE_ T
Dirt |
Dirt loc approx
Faved

SPrate [kg/m2)

Double click on a hox to enter the sediment praduction rate (kg/m2) for that type. Use 'Enter!

K Cancel

Help
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2) The user can create their own look-up Arcinfo table of sediment production rates with a
feature attribute field that corresponds to a feature attribute field, such as surface type, in
the roads coverage table. The two fields must be defined identically. The program will join
the tables based on the feature attribute field so that the roads layer will contain the correct
erosion rate for each road arc. In step 10, the user can choose to summarize results by a
field in the coverage. The program will calculate total road sediment production and display
a summary table.

. Import look up table and join to coverage.

Use this option to import a look-up table and join it to your coverage.

The look-up table must contain at least a join field and sediment production values. The join field must exactly match a field in your
coverage. A sediment production value must be associated with each categony in the join field, and these values will be assigned to the
line segments in your coverage as identified by the join field.

E. Selectalook-up table of 7. 3elect afield from the o e e e e 10. Choose afield o summarise

erosion rates to join to the table ta join itto the data, o sediment production, e.g., by
data layer to join to the
data layer. layer. watershed or road surface type
tahle. ;
(optional).
SR
SP_TMP_WS.PAT MEAMN-FAKE_SP FRODE# FRODE#
SP_TMP_ACT TIC THODE# THODE#
B TME . ACT.EIND LFOLv# LPOLY#
SP TMP CF fIC RPOLy# RPOLY#
FIBE3 31 TEIL LEMGTH LEMGTH
=P THIP CEEMND JUINE 4# JUINKA#
FIRE331C_TEL 8. Select the SP rate field Al AR
THE HYDRECEMD fram the: look-up table. TRAMSFIMNAL TRAMNSFIMNAL
TME HYDRECSTA TRAMSFIMNALA TRAMNSFIMNALAS
TH P_HYDREC-\/ AT SURFACE_TY ROUTE_MNO ROUTE_MO
THME SP RATE BND FREQUEMNCY SURFACE T SURFACE_TY
BDZ UMQLUE - MEAN-FAKE SP ROADTYPE ROADTYPE
e s FUEL_ROaD FUEL ROAD
$mE_SEEiARLEI’ES -IEl—ﬁ‘JD GRADIEMT GRADIENT
TME B ACKF{ATE.ST A GRADED GREADED
TMP_ACT_YREND v

MName a new table to summarise sediment production. If this already exists, it will be “ar_lut
owverwritten. The narme must begin with a letter and cannot include any blanks.
<< Back Join and Calculate ‘ Cancel

Fixed rate road model

If the user selects the fixed sediment production rate the following window will appear. The
user can provide values the road width and the road sediment production rate in kg/m? yr.
The program assigns the values to each road segment and calculates the total sediment
produced.
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. Fixed rate road sediment production.

Sediment production (kg) is calculated by the input
rate times road width and road length.

(5ee values from other studies).

Help

Input road width in meters: &

J—

Input road sediment production rate in kagfm2 v 2

Mame a new field to store SP in the data layer. If it already SPfixed
exists, it will be overwritten. Lse up to b characters and begin
with a letter. This will also be used to name a summary table,
L.e. <yourtablename=thbl.
. : TRANSFINALA ”
Choose a field Tolsummanse SP. e.q. by watershed or by ROUTE_NO
surface type (optional) SURFACE_TY
ROADTYPE
FUEL_ROAD
GRADIENT
GRADED
THAP_ WS
AREA
<< Back Calculate Cancel FERIMETER
| TMP_W/S-ID
SHED_MNAME
AREAKMS
AREA_WS v
(Back to top)

Calculate sediment delivery to streams

To calculate road and hillslope sediment delivery to streams click on the
"Calculate sediment delivery" button in the FOREST window.
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FOREST (FORest Erosion Simulation Tools)

This raster-based model calculates surface erosion fram forest
Calculate sediment harvest, roads and fires. Key inputs include vector layers
: (watersheds, one or mare activity layers, a layer depicting
prOdQCTIOD from controlling factors), the years to simulate, and the number of years
hillslope to return to background erosion rates. Model outputs include
mapped sediment production rates and tabulated sediment
production by year.

This set of models calculates sediment production from roads as
Calculate sedirmnent | afunction of user-defined variables such as road slope and road
produoﬂon from surface area. Default road erosion values and equations are
i available along with a help screen listing published road erosion
rates. Model outputs include mapped sediment production rates
and tabulated sediment production by year.

These models combine previously calculated sediment
production layers with DEMs, sails, climate, and stream

layers to calculate annual hillslope and roads sediment
delivery. A look up table derived from the WEPF model

provides sediment delivery rates.

Calculate sediment
: delivery

) Blah, hlah, sedimenttranspor...
Calculate sediment

transport (not yetll)

Close

The user will be asked to select the data directory where data for the sediment production
runs were stored. The parameter file was saved to this directory and is loaded automatically
by clicking on "Calculate sediment delivery". The parameter file informs the sediment
delivery models what GIS layers to use. This saves the user having to input all the data
again. It also means that the user can come back at a later time to run the sediment delivery
model.
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Select the data directory
= B

=
S asam =
Y data

1>

W test costpd
[:Ielev_mk
[:Ielev_sheds
[elew
[fires_test
[firesp198s
[firesp1987
[afiresp1988
[(qfiresp1989
[[firesp1990
[firesp1991 v

oK Cancel

When the parameter file is loaded, the hillslope and road sediment delivery modules window
will show.

FOREST (FORest Erosion Simulation Tools)
Hillslope and Road Sediment Delivery Modules

e e Strearn segments can be splitinto a

arc length (mefers). Divide stream arcs user-selected length. This will increase the
100 into shorterlengths | resolution of sediment delivery and routing

through the stream network.

Sediment produced by roads within a certain
Calculate sediment distance of a stream is delivered to the stream.
delivery from roads The user will select sither a distance value or use
an empirial method to calculate the distance that
sediment is delivered.

Sediment from timber harvest or fires is delivered
down slope to streams. Select the same data

Calculate sediment directory that was used to calculate the sediment

del!very ffom production. A parameter file was saved from
hillslopes . ; . :
previous calculations and those inputs will be
used to calculate sediment deliveny,
Close
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Divide stream arcs into shorter lengths

Calculate sediment delivery from roads

Calculate sediment delivery from hillslopes

(Back to top)

Divide stream arcs into shorter lengths

The lengths of stream arcs typically are determined by the digitizer to signify a tributary
entry point or a change in feature attribute. Lengths of stream arcs can vary from a few
meters to several kilometers. A utility has been programmed to divide stream arcs into
shorter lengths to improve the spatial resolution of sediment delivery to stream segments.
An increase in the spatial accuracy of sediment delivery to the stream network should help
improve the accuracy of routing sediment through the stream network. The user should
input the longest length into which stream arcs will be divided, and the longest length cannot
be shorter than the selected cell size (i.e., 10 or 30 m). Feature information on each arc will
not be lost and arcs will not be joined to create longer arcs.

Warning: The stream division process must be completed before sediment delivery is
calculated or else the amount delivered will be wrong.

(Back to sediment delivery)

(Back to top)

Calculate sediment delivery from roads

The delivery of sediment from roads is based on setting a sediment delivery zone that
includes all roads within a certain distance of the stream. There are two ways for the user to
determine the width of this sediment delivery zone. The user can estimate a width based on
local knowledge, or use the following empirical equation to predict the percent of roads that
are connected as a function of the mean annual precipitation:

Percent of roads connected to streams = 7.98 + 0.0182 * annual precipitation (mm)
(Coe 2005).

If Coe's equation is used, the program first determines the total length of roads in the
watershed, and then calculates the length of roads that should be connected. The initial
width of the sediment delivery zone is set at 20 m, and the program progressively increases
the width of the sediment delivery zone by 10-m increments until the length of roads within
this zone equals the length of roads that should be connected. Hence the model is
effectively assuming that all of the sediment is delivered from the roads within the sediment
delivery zone, and that no sediment is being delivered from the roads outside of the
sediment delivery zone.
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The directory where the data are stored is loaded automatically along with the stream layer,
watershed(s) extent, and roads layer. The user must choose which sediment production
field in the roads layer to use since there may be multiple choices. The field should express
road sediment production in kg per meter of road length per year. For road layers processed
by one of the FOREST models, a field with the suffix ...kg_myr will appear (see example
below). The field named SN_SPkg_myr contains sediment production from the Eldorado
model (SN = Sierra Nevada); PNWkg_myr corresponds to the West Oregon model (PNW =
Pacific North West), SPvarkg_myr is data from the variable rate input and SPfixedkg_myr is
data from the fixed rate model.

u| Calculate sediment delivery from roads.

This module calculates sediment delivery from forest roads 1o the stream network. All sediment within a sediment delivery
zone around the strearm network is delivered. The width of the sediment delivery zone is estimated by the user or s
calculated using an empirical equation.

1. The data directory is: 4. Select aroad layer.

chasarmidatalderno_datad rdsa ~

rdshb
rash2
2. The clipped watershed caver is: rdsh3
sp_trmp_ws rdsc
rdsd
rdse
rdsf

3. The clipped stream cover is: rdsg
trnp_str rds_ws
stream

£

6. Assign width of sediment delivery zone.
 Estimate zone width in meters. al
5. Select the field in the roads

lzver that containg sedirment . : i
A ; o Calculate zane wicth using the follawing
production in units of kg / m yr. equation (Coe 2005);

GRADED 0 Percent of roads connected to stream = 798 +
TMP_WwWSH 0.0182*annual precip (mm)

ﬁ?gﬁ\‘d ETER Input annual precipitation in mm. 120
TME_4#S-1D

SHED_NAME

AREAKMS

AREA_WS

SN_SF
SN_SPKG

Zalculate Cancel Help

Click on calculate to continue. If several watersheds were selected, a Microsoft Excel
spreadsheet will appear with results by watershed. Results for one watershed will be shown
in a message box.
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E3 Microsoft Excel - Sheet1 E|@[Z|

@ File Edt Wiew Insert  Format  Tools  Data  Window  Help [ype.a queskior ep el FO
Dedanyg SQY FB2BR-T - | @ = 2] %] 0% » @i f~ »
Arial H10 FiB U |E== kI E e, Bl e
514 - e

. A B T D E F G
1 |Total road sediment delivered to streams (kg) | Wil
2 Mumber of | Sediment
3 Watershed stream arcs | deliverad(kg)
4 Gteely A _ BOS k0,365
5 Daogtown A _ 1,017 72960
B [McKinney A 235 16,731
£ Dy & 1,007 /7 50k
5 i
:
10 |
12 |
13 : . 1|
4 ¢+ »l\Road sediment delivery / [+ | e
Ready T

CEMod X]

Total sediment (kg) delvered from roads ko streams = 448147 6502757 1865
Roads Coverage is RABUFF100
Stream coverage with field containing sadiment is str0S1227 and sum-Rd_del

(Back to sediment delivery)

(Back to top)

Calculate sediment delivery from hillslopes

Due to the lack of measured hillslope sediment delivery data, the Water Erosion Prediction
project (WEPP) model was used to calculate percent sediment delivered from each hillslope
cell to the next cell downslope based on climate, percent slope gradient, soil type, and land
cover types. For each climate a look up table for percent sediment delivered was developed
for different combinations of slope gradients, upslope and downslope land covers, and soil
types. Each combination has a unique code that is used by the program to access the
percent sediment delivery from one cell to the cell downslope. (Users can find more details
on this process and create their own look up tables by following instructions in
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...documentation\create_sediment_delivery_file.doc). Users are encouraged to share look-
up tables so these can be disseminated online to help other users.

Slopes are derived from the DEM input by the user. Percent slopes are reclassified by
FOREST as follows: slopes less than or equal to 5% are assigned to 1, slopes greater than
5 and less than or equal to 15% are assigned to 10, slopes greater than 15 and less than or
equal to 25% are assigned to 20, etc. Slopes over 45% assigned to 50 as sediment delivery
is not sensitive to slope once the slope exceeds 50%.

The land cover types are described and recover over time according to the Disturbed WEPP
documentation at http://forest. moscowfsl.wsu.edu/fswepp/docs/distweppdoc.html. (See
table 4). Cover types recover in this order: high severity fire, low severity fire, short grass,
tall grass, shrub, 5 year forest, 20 year forest. All cover types take one year to recover with
two exceptions. High severity fires take two years to recover before burned areas are
subject to the low severity fire sediment delivery rate. Five year forests grow for 10 years
before being subject to the 20 year forest sediment delivery rate. It is assumed that all land
returns to the 20 year forest scenario since this represents undisturbed land.

WEPP divides the sediment delivered into five textural classes - sand, silt, clay, large
aggregates (which are comprised of a combination of sand, silt, and clay) and small
aggregates (which are comprised of just silt and clay). Given the uncertainty involved in
hillslope delivery and downstream routing, FOREST groups these five textural classes into
two classes--fine and coarse. The fine category includes clay, silt, clay loams and silt
loams, while the coarse size class includes sand and sandy loams. A series of WEPP runs
were used to determine the relative amounts of fine (SDy) and coarse (SD.) sediment being
delivered (Table 1). Fine and coarse coefficients were calculated by averaging WEPP runs.

Table 1. Proportions of coarse and fine particles based on WEPP runs.

Soil Soil Clay Silt Sand  Small Large Percent
texture Components aggregate aggregate SD
Y% % % % %
Fine Fine 100 100 0 100 52 75
Coarse 0 0 100 0 48 25
Coarse Fine 100 100 0 100 25 53
Coarse 0 0 100 0 75 47

The user-provided GIS layers--elevation, soil type, and land cover--are processed to
generate a grid of codes for each year that represent the specific combination of gradients,
land covers, and soil types for each cell. This code is then used to access the look up table
and develop a grid of percent sediment delivery for each cell to the next cell downslope.

Total percent sediment delivered for each cell is the cumulative product of downslope cells
times the percent sediment delivered for the current cell (see diagram below). Total fine
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sediment delivered for each cell is the product of total percent sediment delivered, sediment
production, and SDy. Total coarse sediment delivered for each cell is the product of total
percent sediment delivered, sediment production, and SD.. A recursive algorithm calculates
the sediment delivered for each hillslope drainage pathway by traversing up the stream
network starting at the lowest elevation and multiplying percent sediment delivered for each
cell.

Total sediment delivered to the downslope stream segment is the sum of sediment delivered
from all upslope cells. The user can adjust the length of stream segments to increase
resolution of sediment delivered. This algorithm accounts for downslope land covers,
slopes, and soils that affect the amount of upslope sediment delivered.

Model outputs include a GIS stream coverage of annual coarse and fine sediment delivered
to each stream arc and a Microsoft Excel spreadsheet summary of the sediment delivered
to each watershed annually.

%SD, .

Total %SD> = % SD» * % SDj
%SDg Total % SD3 = % SD; * total SDs...
%SDg Total % SD,, = % SD,, * total SD.1
%SD,
%SD, Total fine SD,, = total % SD, * SP,, * SDy
%SD, Total coarse SD,, = total % SD, * SP,, * SD,
%SD, Total SD, = total fine SD, + total coarse SD,
Stream

Click on calculate sediment delivery from hillslopes. The user will be prompted to select the
same data directory. The layer and sediment production information is automatically loaded
using the parameter file. If any layers do not exist or are obsolete, an error message will
appear on the screen and the user will need to run the sediment production model again.
Results are shown in a Microsoft Excel spreadsheet which the user is prompted to save.
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FOREST (FORest Erosion Simulation Tools)
Hillslope and Road Sediment Delivery Modules

Input @ maximum stream Stream segments can be splitinto a
arclength (meters) Divide stream arcs | yser-selected length. This will increase the

100 into shorter lengths | resolution of sediment delivery and routing
thraugh the stream network.

Sediment produced by roads within a certain
Calculate sediment distance of a stream |5 delivered to the stream.
delivery from roads The user will select either a distance value or use
an empirial method to calculate the distance that
sediment is deliverad.

Sediment from timber harvest or fires s delivered
down slope to streams. Select the same data
directory that was used to calculate the sediment
praduction. & parameter file was saved from
previous calculations and those inputs will be
used to calculate sediment delivery

Calculate sediment
delivery from
hillslopes

Close

Results from hillslope sediment production.

icrosoft Excel - Sheet1
Y Fle Edt Wew Inset Format Took Data Window Help

NEEdatERY tR-¢ @ = -2l E) o - () A= —— =k
Arial ~10 - B I U B s%, 9.9 DA
Al A £ Total Sediment delivered to streams
A B c D E F G H 1 J K [ M N o] =1

1_[Total Sediment delivered o streams ‘il

2

3 Fine textured material (clay and silt loams) Mgfyr Coarse textured material (sandy loam) Mg/yr

4 Number of

5 Year ‘Watershedstream arccLength (m)  Total Mean | Minimum |Maximum | Std. dev. Total Mean | Minimum Maximum Std. dev.

B 1987 Steely A 97| 27699.4| 212569 2191 00 24023 5331 7.085.6 730 0.0 B800.8 1777

7 Dogtown A 230 442282 19079 83 0o 87.2 13.2 B36.0 28 0.0 291 4.4

8 McKinney 52 10737 469.4 90 0o #n7 111 156.5 30 0.0 1389 37

9 Dry A 310 405520 46,1286 1488 00 47456 4929 15376.2 496 D0 15819 164.3

10 1988 Steely A 97| 27F99.4 18,1796 187 4 00 20280 447 7 60599 625 0.0 B76.0 143.2

1 Dogtown A 230 442282 31221 136 oo 5849 502 1.040.7 45 0o 1850 16.7

12 Mckinney 52/ 106737 469.4 9.0 0o a7 1.1 156.5 30 0.0 139 3.7

13 Dry A 310 405520 405400 1308 00 40091 4249 135133 4386 00 1334 1416

14 1989 Steely A 97 276994 151026 185.7 00 18538 3648 50342 519 0.0 551.3 121.6

15 Dogtown A 230 442282 34660 15.1 00 5093 47.4 1,185.3 50 00 169.8 15.8

16 Mekinney 52 108737 7480 14.4 00 838 208 2493 48 00 298 6.9

17 Dry A 310 405520 335328 108.2 00 32728 3466 11,1776 36.1 00 10909 115.5

18 1990 Steely A 97| 27699.4| 118019 1217 00, 12795 2814 39340 406 0.0 426.5 93.8

19 Dogtown A 230 442232 36118 157 0o 4396 431 1,204.0 52 0.0 146.5 14.4

20 McKinney 52 10737 988.2 190 0o 1338 288 3294 6.3 00 446 9.6

2 Dry A 310 405520 253640 818 00/ 2531 265.1 84547 273 0.0 8454 88.4
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(Back to sediment delivery)
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