o

LA-UR-05-7771

3T ";.-;

4
o
Y"«'

SURFACE EROSION MODELING FOR THE
REPOSITORY WASTE COVER AT LOS ALAMOS
NATIONAL LABORATORY TECHNICAL AREA 54,
MATERIAL DISPOSAL AREA G

AUNOIS) | Cathy J. Wilson
Kelly J. Crowell
Leonard J. Lane

ded toy
Submited 0-1 g Department of Energy

o,
st

° Los Alamos 0y

(;%A?'«‘

14152



Table of Contents

Introduchon . e e e r e
Methods
2% Development of SIBERIA Parameters for Material Disposal Area G oo, 5
200 Local Data AnaIYSIS (e &
212 Definition of a Steady-State Landscape-Forming JEvent...... TR 9
213 Estmation of Runoff and Emsgf&m ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 9
214 Sediment Yield Prediclions... e {2
215 Oplimization of SIBERIA Advective Transport Parameters ... 17
238 Estmation of the Difiusion Coefficient ]
2¢  SIBERIA Maodsl Do% N CONAGUIBLION .ot 21
23 Model BCENATNIOS ..ot :
B30 REBUNS e ettt et %
40 Dscussion and Qualifications 3
41 %4@{%6 Limitations.... e, :
4.2 DAtE LIMHBUONS 1 ooec oottt ee e ees e os et ens oot ‘2
43 Comparison of SIBERIA Results to Field-Collected Data..ooooe U a4
S0 REIBIBNTES oot ottt st e b b ettt e © 35
List of Figures
Figure 1 Aenal Photograph of Material Disposal Area G, 2
Figure 2 Proposed Configuration of Cover for Material Disposal Area G 3
Figure 3 Sediment Concentration Data for Runcff Plots, Small Watersheds.
Canata Gl BUBY ..ot ens st s st en s 8
Figure 4 Locations of 17 Hillslope Profiles in Vicnity of Material Disposal Area G e 10
Figure 5 Photographs Showing Expected Range in Canopy and Ground Cover after
S%te CHIBUIE Lttt et e s a s ke as e n s e 5 s ek ns st os s e3n e 14
Figure 6 Mean Excess Runoff Values and Rangss for Soil-Type/Retumn-Periog Pairs ... 15
Figure 7 Artificial Surface Showing HEM Profiles and SIBERIA Flow Paths Used during
SIMUIBLEE ANNBEING .o et st en b 18
Figure & Correlation in Sediment Yigid betwean the HEM and the SIBERIA Model for a
Hange of S?Q{)@a and Hillslope Lengths (low-8rosion SCENRANDJ .o, 19
Figure 9 Erosion and Deposition at MDA G for Moderate-Erosion Scarario (as predicted
by SIBERIA modei after 1,000 YEAIS) oot 24
Figure 10 &:‘obaﬁ:}n and Deposition at MDA G for Low- and High-Erosion Scenarios {as predicted
by SIBERIA model after 1,000 YBAIS) .o e cr s 25
Figure 11 Erosion and Deposition at Zone 4 for Moderate-Erosion Scenario {as predicted
by SIBERIA model after 1,000 YEEIS) .ot e 28
Figure 12 MDA G Sediment-Source Areas and Sediment Catchments in Habitable
Canyon BOROMIS .ottt 28




List of Tables

Table 1

Table 2
Table 3

Tahle 4
Table 5

Characteristics of Four Small Watersheds within the Santa Rita

Summarized Input and Qutput for the Three Eroston Scenarios Usec in

SIBERIA MOGEI ..ot es b en s ns s n et
Summary of Sediment Delivery from MDA G to Canyon Catchments over 1,000 Years ...
Estimated Sadiment Yield for Mesita del Buey Sites from Events with 2- and

5-Year Return Periods

s At B e Sepanry Wik Do 3 AN TRBE MR ©



Acronyms and Abbreviations

ALSM Airborne laser swath mapping

CREEAMS Chemicaly, Runofi, and Eroston from Agncalugal Managomon
Nystems

DEM Ingual elevabon madel

HEM Hillstope Frosion Model

LANL Los Alamos Natonal Laboratory

MDA Material Disposal Arca

NOAA Navonal Geeanie & Atmosphence Administration

TA Technical Arca

WEPP Water brosion Prodicuon Project




Acknowledgements

Technical assistance and review for SIBERIA parameterization was provided by the author of
SIBERIA, Garry Willgoose, at the School of Geography. Umiversity of Leeds, Sean French,
the Nuclear Waste Operations at Los Alamos National Laboratory. provided cxpertise on
Material Disposal Area G, project oversight, and logistical and fundimg support. Rob Shuman, ot
LIRS Corporation, provided gindance on project requirements, site information, and a review of
the model results, Mark Day and Garth Weber, also at URS Corporation, developed the cover
desien datasers. Ricki Sheldon analyzed the runoft and erosion duta for Mesita del Buey, This

work was funded through the U.S. Departiment of Energy.

Do st AR DA MER O W




1.0 Introduction

Low-level radioactive waste from operations at Los Alamos Natonal Laboratory (LANL or the
Laboratory) s currently disposed of in pits excavated nto the mesa top at Matenal Disposal

A IMDIAY G of Technical Area (TA)Y 34, One requirernent for the operstion ol thus repesitory
1< to limit releases of radioactive material to the environmient for a period of LODO vears or miore
following the facility’s closure. The Laboratory s required o demonstrate that the repostiony can
be successtully ¢losed, which includes showing that the waste pits will not be excavated by long-
term surface erosion processes such as ridling and gullving, Toward that end. surface crosion
maodeling was conducted to estimate the spatal distrthution of depth 1o waste at MDA G atier

00 vears of erosion and sediment transport

Material Disposal Area G s located on a slender finger mesa. Mesita del Buey, which has
complex topography and a challenging lavout of E«:g:xu}' waste pits located close w the edge of
the mesa and natural drainage features (Figure D As o result, the closure cover has o comples
topography, and the performance of the cover must be assessed as o three-dimensional unit The
SIBERIA model {Willgoose and Riley, 1998y way selected for the grosion evaluabion because it
v a well-ested version of a new class of crosion models developed to predict Tong-term
fandscape evolunon. Like well-known lullslope-based erosion models such as the Water Erosion
Prediction Project (WEPPY (Laflen ot al. 1993) and KINEROS (Smuth et all, 1995, SIKERIA
predicts sediment tansport derived from shallow sheet and nll processes for a range of soil.
runoff, vegetation cover, and hilislope properiies. Unlike WEPP and KINEROS, SIBE

predicts the spatal distribation of deformation across complex. three-dimensional mmgr;‘:z;x[zp

over hundreds to thousands of vears. This includes the lowermz of ndges. the mciwon

initiling of vallevs and bollows, and the development of gullies and tans.

Scientists at LANL worked with cover design engmeers at URS Corporation i an werative
process to develop a stble closure cover destgn (Figure 2)0 The SIBERIA modeling resulis
deseribed i this report demonstrate that the Iinal, optimized design micets performance eniena
across the site {or a wide range of potential sie and climate conditions that could occur over the
FOD0-vear comphance pertod. Scetion 2 of this report deseribes the principles behid the
SIBERIA model and the methods for defiming parameters and running the model. The results of
the model simulations are provided i Section 30 and Section 4 discusses these results and some

of the uncertainties assoctated with the modeling,
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for Material Disposal Area G




2.0 Methods

The long-term crosion assessment al MDA G was performed using the SIBERIA landscape
evolution model (Willgoose et al, 1991a, 1991b). This model predicts steady-state erosion and
sediment transport across o landscape that Is represented as clevations in a eridded digital
clevation model (DEM). The DEM is adjusted cach time step (ypically 1 vear) to account for
anv change m surface clevation that occurred from croston or deposition since the last tme step
The governing equation tor the SIBERIA model s

O, = BA"S" +D.S é

Where
0. = the annual sediment flux through a gud cell (kg per meter width)
7 = g cocfficient that represents all factors that moderate runofi-driven crosion i

the grid cell, except slope and runoft
478" = the relationship between contributing area (), slope (57, and sediment yield

. = g diffusion coefficient
N = the terrain gradient (slope) (%)
Thus. Equation | includes sediment transport terms for both runoff-driven { advective) processes

(B A"y and gravity-driven (diffusion) processes. The intensity of runoff-driven sediment

transport is given by B A7 8. The coefficient B accounts for all factors (c.¢.. yegetation cover,

dogree of soil disturbance. and soil type) that moderate runoff-driven crosion m the grid cell,
except for slope and runoff. The 4™ 87 value increases as the catchiment arca above a grid cell
increases {i.c.. a bigger catchment area feeding into a gnid cell equates to a greater runoff volume
flowing through the grid cell) and as the gradient of the cell mereases. The exponents m and #
determine how sediment vield depends on contributing area and slope for o given site, and can be
determined empirically (where data are plentiful) or through an optimization process using other
hillslope-based models. Diffusive transport includes processes such as rainsplash {scdiment
particles ejecied from the surface by raindrop impacts). tree-throw (sediment tumbled downsiope
when the root hall of a fallen tree s exposed at the surface), and ammal burrow mounds. The
diffusion coefficient 1), captures the intensity of these gravity-driven sediment transport

PrOCEsses.

Within the SIBERIA model, Equation | represents sediment-transport processes at all scales. In
addition. the sediment vield. Q. when applied to cach time step over long periods of tume. is
cquivalent to the average annual sediment that would result from large and small events of all

return periods. Equation 1 1s solved for every grid cell in the SIBERIA model domain for cuch




e step. Bvery grid cell has an upsiope contmbuting arca, oL and a slope, 5. In any give
s th

{

cell the values of o and S may change through time as the {é iscape deform s, these values

are tecalondated for cach vme step. The values of £, »and L1 ae mméd::;uﬁ inherent material

andd site properties for soil and bedrock, even though they may change slowly or catastrophically

as a result of long-term sotl development or five. The user may change these values womme
through a start-and-stap process. However, because 1 virtually impessible to project how
will affect these values at MDA G this study they were held constant over time for speaitic

soit and bedrock lavers,

2.1 Development of SIBERIA Parameters for Material Disposal Area G

The typrcal approach for developing values for the SIBERIA parameters #, m oo and s o
calthrate SIBERIA w0 one or more standard hillslope-runoft crosion maodels. In principle.
SIBERIA can be parumeterized directly using long-term ramfall, runoffl and sediment vicld data,
but these datasets are rare. To dorve the reletonship for rupoff-drniven tansport (847 87
ernpiricallv. data must exist for a range of hillslope and watershed gradients. S, at a vange of area

scales, A (hillslope, subwatershed, and watershed).

Multiple rainfall, runoff. and sediment datasers do exast for Mesita del Buey at a range of scales
{experimental measurement plot. hilislope, and watershed scalesy, but these data are neither
continuous over ume nor of the untfonn quahity required for direct deternunation of SIBERIA
parameier x‘:zlucs‘;. They were, however, sufficient for paramcterizing the ramfall-runct? model
IRSY (Stone et al., 19921 and the runoffsediment vield Hillslope Erosion Model (HEM)y (Lanc ot
al., 2001 Both the IRSY modal and the HEM were used o develop parameter values for the

advective fransport term i SIBERIA

¥

Although a quantitative path exasts {or developing the advective term o SIBERIAL determnung
the ditfusion werm s st an art, Research by Hemasath ot ol (1997) bas sigreficnntdy advanced
the quantitative determination of diffusion in equilibrium landscapes. Unfortumately, Mesua del
Buey 15 a poor candidate for the application of these techmgues because soil geochronology
suggoests that the toeal soils are acolian and may have been emplaced rapidly about 10000 vears
ago. Given this, the diffusivity was constrained by esiimating o match between SIBERIA-
cenerated topography and dreet observations of headwater drainage lines using duta {from the
fretd and from airborne laser swath mapping (ALSM) digital topographic maps. For example, f o
SIBERIA run predicted that observed well-defined drainage lines at MDA G aggraded (filled-in

with sedument) sigmificantly over 1000 vears, then the value used for the diffusion coclicient in

that run was pmbzihi}; set too high, 1 many new dramage hines appearcd across the siie, then the

I

diffusion cocetficient was probahly o low.

A final challenge  parameterizing SIBERIA 15 developing steady-state values for A mand »

uch that the application of Bguation 1 on an annual tme siep 1o the model doman reprodiecs




nature’s highly dynamie runott and eroston rates. In nature. landscape-fornung runofl events

oceur sporadically. perhaps once every 10, 20, or 1.000 vears, rather than every year. Analysis of
fong-term datasets shows that the cumulative effect of a fow “large” runoff events over the
monitoring period 1s greater than the cumulative cffcct of the smaller runoft events that oceur
every vear. Because SIBERIA is a steady-state model. the user must determine the size {return
period) of a landscape-forming event that can be applied annually in the model domain to predict

the same long-term sediment yield that would be generated through periodic large evenss,

Thus. the parameterization of the SIBERIA model for application at MDA G requued
multistep approach. This approach. which is explained in more detail m the following sections,

consisted of s1x major steps:

1. Collect, collate, and evaluate precipitation. runoffl and sediment-yield data for Mesita
del Buey. These data were used to parameterize the rainfall-runolT ISR model and the

runoff-crosion MEM. as well as to test SIBERIA resulis,

2, Evaluate long-term runoff and sediment-yield datasets from an analog site, the
semiarid Santa Rita Experimental Range (in Arizona), 1o estimate the return period tor

landseape-forming events.

3, Develop rainfall-runoff relationships for MDA G using the selected return period for
the landscape-forming events, as determined from data collected at the Santa Rita
Expertmental Range. Apply the ISR9 model using MDA G seil and vegetation
properties and precipitation amounts for cvents with 2- and S-year return periods for
MDA (. The excess runoft values predicted by [SRY for the 2- and S-vear events were
used as tnput to the HEM.

4. Apply the HEM to predict sediment yield for hillslopes using a range of slopes and

Argds.

LAt

Apply a simulated multiparameter regression anncaling technique (Crowell et al.,
2004) to obtain vatues for 8, m, and # that miimize the difference between sediment
vields predicted by HEM and SIBERIA for the same set of test hillslopes.

6. Estimate £. by matching SIBERIA results to present-day topography.

211 Local Data Analysis

A number of rainfall, runoff, and erosion datasets have been collected at LANL over the past five
decades.  Several  lomg-term precipitation  records  for  LANL - (available
<hup://weather lanl gov/») were analyzed in relation to data posted for Mesita del Buey w the
National Oceanic & Atmospheric Administration’s Atlas 14 (NOAA. 2004) and were found 1o




have simiar ramifull {requency charactenstics. For reproducibility and case of analvans, the
NOAA Atlas 14 ramndall frequeney data were used for all analyses reporied mthis study: these
data wore generated from NOAA Atlas 14 {or the ram gauge located at the LANL water gquahin
momtoring site E247 (33837 N 106247 Wi This sie bies berween the Zone 4 expansion ares and

the ucuve perlion of MDA G, immedately south of Mesita del Buey,

There are also a number of runofl and sedment-vield datasets Tor Mestta del Buey, which are of
varving  duration and gquality. The twe datasets determined 1o be of the most use for
paramcterizing ISRO and assessing the HEM and SIBERIA results are (1) TA-ST runoft plos
and (20 rupoft and sediment-concentration data o cight small watersheds draming TACS and
from two water guality monitoring stations on Cafiada del Buey (E218 and E2303 The first
dataset contiuns runoff and croston data Tor 32 ranoft ovents; these data were colleeted from six
3 10 m (98 x 30 plots located ot TASST The second provides runefl and sediment
concentration data for watersheds rangmng i siwze from 1 ha to 10 km® (2.5 a¢ to 3.9 mi) and
includes data for 4] runoff events, Both datasets were preconditioned to remove obviously poor
data. Only those cvents Tor which ramfall, runott, and sediment values could be matched. and for

which ramlull was greater than runof?], were meluded.

Sediment concentration data for the TA-3 1, TA-34, and Canada del Buey sites are summarized
in Fieure 3. In order 1o show both datasets o equivalent amits {mg/l. sediment concentrati

values Tor the runoff plots were ealenlated by dividing the amount of sediment eroded (iurmg an
event by the runodt volume {or the same event, For the second dataset {representing the small
watersheds at TA-54 and the Catada del Buey moemtoring stations). sediment concentration data
were derived from total suspended solids samiples collected with an ISCO automated samplar

durng storm runoff.

It was hoped that the data shown in Frgure 3 would enable the esumation of the values of woand
#on the A8 termy (Bquaton 1), However, the vanstion in sediment concentration boetween
subwatersheds appears 1© be more a result of site condiions (¢.g., paving, sail disturbance, and
dramage pipesy than a difference m watershed arca or gradient, 5. In addition, the event data are
not equivalent for all sies. Consequently, it was determuned that using these data 1o directhy
parameterize the SIBERIA model was imappropriate. These data were, however, used a8 one

means of verifving SIBERIA model output.

-
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sography ared vegetation cover profile date wore collected specifically for this projecs
2002y and used m the ISRY analvers o dovelop oxcess runott values (with
uncertamiyy for the range of conditions expecied abier closwre of the disposal taohiy, The
profies were docated moareas with varving degrees of disturbance and rehabiitation. Daia
defmmng the shape of the hillslope as well as canopy and ground cover were collected a1 Tm

{33 0 mtervals along cach ofthe 17 profifes shown i Froure 4

2.1.2 Definition of a Steady-State Landscape-Forming Event

No long-rerm. coupled ranfall, runoffl and erosion datasets exist for LANL or nearby arcas, As
an analog, the long-termy record of runoft and sediment-vield date from the San Rua
Experimental Range i Southern Arizong was analyvzed to determine the return period for o
steadv-state landscape-forming event 1 a semarid environment. The analvsis of these data
shorwed that the average annual sediment vield for a pertod of approxunately 16 vears 1ell within
the range of the sediment vield values from evenis with return periods of 2 and 5 vears (Table 1y
This s in agreement with the retum penod recommended by SIBERIAs author of abowr 2.3
vears, which was based on his analvsis of a long-term dataser from Furope (Willgoose, 20041
Rather than choose a single return period for the landscape-forming cvent, SIBERIA runs were
performed for both the 2-and S-year events. The assumption was that the 1wo events would
provide fow and hueh estimates of sediment vield over the 1000-vear time frame of the model
and would account for the uncertammty i using data from an analog site 1o determine the

landscape-forming cvent for MDA G

21.3  Estimation of Runoff and Erosion

The IRSY mitlrranon and raneft model (Stone et al, 1992 was used to estimare runofl volumes.
Precipiiation data for Los Alamos, New Mexico were taken from the NOAA Atlas 14 for cvents
with 2- and S-year return peniods. The IRSY mwodel was apphed o the 17 hillslope profiles shown
in Figure 4 for two soil types, sandy loam and Jown, These soil types bound the expected sotl
texture for the MDA G cover as given e the cover design specifications (Day et al, 20051 Ios
important o pote that, although this cover 1 composed o multple lavers wath iffereny
adminture materials, I“iif-’;i:i!{i:% assumes the cover s a single homeogenous laver of cither loam or
sandy loam. The loam cover consists of crushed wiff with a 6 percent admixture of bentomte. and
the sandy loam assumes a cover composed of erushed tfT with no bentonite. Both covers include
an admixture of 12 pereent, by volume, r‘zt”;mg;ﬂm” rock. The bentonite adds strength to the cover,
whibiting sotl mass wasting on the steeper parts of the cover, but decreasing soil hvdraulic
conductivity, which i turn inereases the amount of runoff avaitlable to drive erosion. The angular
rock provides protection from surface crosion. As the cover erodes more rock 1s exposed at the

surface. reducing the amount of soil surface exposed to erosion.
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Fable |

Characteristics of Four Small Watersheds within the Santa Rita Experimental Range near Tucsen, Arizona (analog site)

Drainage

Grazing

Vegetation

Event Runoff 2 {mm)

Sediment Yield {T/ha)

2-Year

5-Year

16-Year

Z2-Year

5-¥ear

Watershed ID Area {ha) System Type Soil Type Event Event Mean ® Event Event

Mesouite and | Sasabe sandy
5 4.0E+00 Rotation grass Inam 95E+00 27+ 17ED

Diaspar loamy

f J1E+A09 Fotation Grass sand 1.3E400 3 EE+O0 1.6+ HAE-07 (et
Sasabe sandy

7 VAEHID Year long Grass lnam 16641 38+ 2.5E+ 7 BEDY 2 BE+)
M : Sasabe sandy

B 1IE+08 Year long grass © loam 2.38+91 51801 AnkH £ 0E00 SOE+00

s 5 e

iinHus g
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The hydraulic properties of the cover material determine the amount of runoft associated with
the two landscape-forming events. A saturated  hydraulic conducuvity value of 1T mm'hr
(0,43 ) was asstgned to the sandy loam m accordance with the value provided by Nyhan ¢t
al (1993) for crushed i, A value of 6.5 mvhr (0.26 in/hr) was used for the loam soilt this is
about half the value {or sandy foam and is a typical value from the lnerature (Lane. 2004}, These
hvdraulic conductivity values were used in the IRSY model to calenlate runoft values for the ram
events with 2- and S-vear return periods. As discussed in more detail in Section 4.2, the values

used for saturated hvdraulic conductivity are highly uncertain,

Table 2 shows the results of the [SRY simulations, including mean runoff values and ranges for
cach of the soil-tvpesreturm-period pairs (Lane, 20043 The percent canopy and ground cover vary
significantly among the 17 hillslope profiles: these data can be compared to the range of cover
values expected to exist afier the closure of MDA G (Figure 5). The etfect of cover vanation on
runoff is evident from the results listed in Table 2. These results also indicate that the average
runoff from an annual landscape-forming cvent s hkely to range from about 1 w0 I8 mmiyr
(0.039 10 0.71 infyr) depending on the soil type. hillslope topography, and cover properties at the

site.

214 Sediment Yield Predictions

The excess runoff estiunates calculated by the ISRY model were used as input to the HEM (Lane
et al. 2001) to estimate hillslope erosion resulting from the 2- and S-ycar runoff events for both
soil types. The HEM is an erosion and sediment transport model that analytically solves the
kinematic wave equation for sediment transport on a series of connected hillslope segments. The
model calculates the erosion or deposition in each hillslope segment as a functuon of the segment
runoff. gradient, ground cover, canopy cover and soil type. The HEM is well teswed and
calibrated to hundreds of rainfall simulator cxperiments performed for the WEPP model
calibration. A primary advantage of the HEM over the WEPP and other lillslope erosion models
s i1s case of use, including the availability of an online version for rapid evaluation of erosion.

For this study. the onlime version of HEM (USDA, 2002) was modified to run in a batch mode to
generate sediment vield values over a wide range of hillslope lengths and gradients for the
combinations of soil type and excess runoff shown in Figure 6 and Table 3. Three combinations
were selected to represent low-. medium-, and high-crosion scenarios at MDA G these are
described in more detail in Section 2.3, In briefl the low-erosion scenario assumed that the
closure cover was composed of sandy foam. the ground and canopy cover were high, and the
runofl cvent had an associated value of 2.6 mm (0.1 .3 The moderate-crosion scenario assumaed
a sandy loam soil. moderate cover conditions. and a runoff event of 7 mm (0.28 in), The high-
erosion scenario assumed a loam soil, low ground and canopy cover, and a runoff event of

124 mm (049 ;0

i
[




Table 2
Summary of Ruinfall-Runotf Simulation Results for Hillslope Profiles at TA-5

Amount of Cover (%) ® Estimated Runoff {mm} ®

Hillslope

Profile ID 2-Year, 6-Hour Storm 5-Year, 6-Hour Storm

Canopy Ground

Sandy Loam*¢  Loam? | Sandy Loam¢
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Figure 5a Figure 3b :

cample of highest ground Example of well-established
and canopy cover conditions 1n area ground cover following rehabilitation
{90% ground cover, 90% canopy cover), (30% ground cover. 20% canopy cover), :

Figure 5
Photographs Showing Expected Range in Canopy and Ground Cover after Site Closure
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Table 3

Summarized Input and Output for the Three Erosion Scenarios Used in SIBERIA Muodel

Model Parameters

Erosion Scenarios over 1,000-Year Period

Low

Moderate

High

i I sog R gy Sy gran gy g g,
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The HEM runs were performed for the Jow- moderate-, and igh-crosion parameter seis shows
in Tuble 3 on cight artficial hillslopes, The nlislopes, which were constructed o reprosent the
range of lengths and gradients found on the preposed MDA G :;i;mm" cover. are shown
Froure 7. The hillslope sedument viekds from cach set of HEM runs (low, moderate, and high
erostony were then compared to sediment viclds from three sets of SIBERIA nuns dlow,
moderate. and high erosion) performed on the sume arttficnal nlislopes. An optization routne
was apphied o find the SIBERIA parameters that nunim ,md the difference in wmms‘!'& vield

predicted by the two maodels for the same profiles. This optimization process is doscribed below

215 Optimization of SIBERIA Advective Transport Parameters

Fhe SIBERIA parameter values for the advective transport term £ 47 8 (bquaton 1y were
developed using an optimization process called simulated anocaling (Press ¢t all 19965 The
process requires the user o specify a set of target values and an equation that, when solved with
the night paramcter values, will mateh the targer values, In this analysis, the HEM sedumem
viclds from the artufical llslopes shown in Figure 7 were the target values and Equation | was
the equation of interest. The simulated-anneabmg algonthm was used o munmuze the difterence
between the HEM-predicted target vields and the SIBERIA sediment vields for mal sets of Bon
nand D, values. The opuimal set of B, s, and » values shows a mmmmal difference between HEM

and SIBERIA sediment vields for all hillslope length and gradient combmations of imterest

For a given profife. the HEM provides total sediment flux (kg). runoff volume {(m’), mean
sediment concentration (Ye) and mnter-nll and rill detachmoent and deposition rates (kgfmb on a
per-meter-width basis, The 51 iaimix‘;f\x model provides outputs allowing an mgmwl ntooal mass
flux 1o be caleulated along a flow path wdentical 1o the HEM profifes. Parameters Boomon, and D,
were varied by the simulated-annealing code to nummize an objective funcuon thats formulated
ag an Vencrey’ mn constrammg o randomized exploration of the parameter space. The objecive
function used was the sum ol the squared differences between the net sediment Huxes that woere
calculated by the rwo maodels along the artfical planar iilslopes. The simulated-annealing code
caleulaton was evaluated for low-, moderate- and high-crosion scenarios on length-and-slope
combinations derived from the artificial lnlislopes shown in Figure 7. Lengths ranged from 30w

130 m (98 to 430 {0 and were sampled every meter. while gradients ranged from 2 1o 10 pereent

at 2 pereent imtervals, This vielded 808 hillslope cases (101 xiogm 1cn@_§ih:~' fimes & gradients) The
upper length was chosen o avoid edge effects at the nilslope ; ¢ ends. The shortest nllstope

length was chosen to limit effects due to differences m how diffusion 1y caleulated Tor short slope

lengths in zhc HEM and SIBERIA models. Figure § shows the cm‘n:i;n%x_m between the sediment
viclds predicied by HEM and SIBERIA {or the opumal set of values selected for B nand [,
hy

the sunulated-anncaling alporithn for the low-erosion scenarto caser a simidarly good match
was scen for the moderate and high crosion scenarios. Table 3 summuarizes the optinuzed

SIBERIA parameter values for all three erosion scenaros,
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21.6 Estimation of the Diffusion Coefficient

Within the SIBERIA model. diffusion 1s added o advective transport as the product of the
diffusion coefficient, £. and the hillslope gradicm, S Advective and diffusive processes are
thought to be largely in balance in the undisturbed portions of Mesita del Buey because there are
no well-developed. deep gullies or deep coltuvial fills in headwater regions on the mesa. Values
aiven for /). in the literature range over several orders of magmitude: 1t was not possible 16 select
¢ meanmgful value among these for the speeific site conditions. Although the simufaied-
annealing procedure found 2. values for the three crosion scenanos., these vahues do not melude

the full range of diffusion processes represented by SIBERIA because the HEM mcludes only
that component of diffusion caused by ramsplash. In reality, biotic and other processes contribuie

significantly to diffusion in the landscape over long tume scales and must he considered.

To determine a site-specific 2. value, SIBERIA runs were made using a range of 1. values, The
resulting topography was visually inspected and compared to current topography as represented
by the DEM derived from ALSM. The comparison focused on gullics and hollows: tf SIBERTA
predicted the development of deep colluvial fills in the hollows, it was assumed that diffusion
was oo high relative to advective processes (fluvial transport), whereas if SIBERIA predicted
excessive gullying, diflusion x-\r'-zf; considered too low relative to advective processes. For this
analysis, D. values of 1.0 x| 0™, 0.0025, and 0.005 v used as input w the moderate-croston

scenario 1o assess the impact of diffusion on the i;md&c;apc over 1000 years of eroston.

The low 1. value of 1.0 » 107 led 1o the development of a highly dissected gully network, which
currently does not exist at TA-54, As a result, this value was rejected as being wo low tor the
current model. The middle D. value of 0.0025 resulied in a landscape with more of the
characteristics of the current landscape, whereas the high D value resulted in @ landscape that
tooked much more rounded than the current landscape. Because the results assocrated with the
middle value seemed to best represent conditions at MDA G, and because no better method for
estimating the 7). was available, the value of 0.0025 was chosen as the moderate-crosion [0

value and the best value {for MDA G

A D value of 6.001 was chosen for the low-erosion scenario. This value was selected because
low diffusion rate coupled with a low advective-crosion tate should yield the correct balance
between the two processes and result in a landscape that looks somewhat similar to the current
fandscape: this diffusion rate would also result in slower overall erosion than the moderate- and
gh-crosion scenarios. Similarly, a D value of 0.005 was used i combimation with a high
crosion rate for the high-crosion scenario. A more rigorous test of the effect of £, on landscape
form is desirable, but experts in the field of landscape evolution modeling suggest that this
approach was reasonable given the state of the science (Dietrich, 2004 Willgoose. 2004, Bras,
2004).
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2.2 SIBERIA Model Domain Configuration

The SIBERIA model domam s represented by o DEM that conuists of current topography from
the LANL 20060 ALSM survey (Carev and Cole, 2002} zmd the proposced cover clevaunns
supplicd by URS Corporation personnel. The doman has two lavers. The top laver s composed
of cover maerial and extends from the surface of the hnal cover. through the mterim cover, 1o
hedrock. The cover material proposed by Dayv et al (2005) 18 moderately compacted crushed
it augmented with bentonile and angular gravel. overlain with a topsord and pea grave! nuxwre
approximately S-mm (0.2-01) thick, The grave! admixtures are used w0 mid 1 the estabhshment
of vegetation durmg the active mstitutional control period and will help increase sotl surface
cover and reduce evoston. The second Laver 1s composed of the mesa bedrock material, This faver
also mmcludes armormg material (oo niprap) emplaced around the edges ot the cover. where the
transition from miesa-top 1o it ocours, The armoring s ncluded o reduce crosion at the cover-

clitt boundary. slow runof!, and capture sediment eroded from the cover,

The current version of SIBERIA does not automatically track the depth of a given laver, though
it does account for the spatial oxtent of & material tvpe that s exposed at the surface of the medel
domain. In nature, the rate of downcuttimg 1o g gully slows onee the base of the gully reaches
bedrock. To simulate this situation, SIBERIA was run in a “start-stop-start” n’imic The modet
was stopped after every 20 vears of simulated time and cach cell was checked 1o determune 1 1is
clevauon had dropped below the bedrock surface. Cells that had reached bedrock were relabeled

as such so that crosion would proceed at a stower rate, and the model was restarted.

The disposal fucility was divided 1into two mwodel regions: the active pornon of MDA G and the
i : i

Zone 4 expansion arca (Figure 11 The same SIBERIA parameter values for crosion were used

for both areas: however, the cover size and depth and pit conligurations are quite different

between the two sites

2.3 Model Scenarios

The objecove of the croston modeling was to estimate the spatial distribution of depth to waste at
MDA G after 1000 vears of erosion and sediment transport, Any such estimaies are uncertan
due to potenttal variations in climate, soil propertics, evolution of the vegetation structure, and
other factors over the 1.000-year tme frame. Te help constrain the uncertainty, three scenanos
were developed thar are {’X;{"S:;‘Uiﬁi’} to result 1n low moderate, and high rates of erosion at the site.
Each of the long-term outcomes s plausible on the basis of long-term crosion rates mn.armi in
the hterature (Kuchner et al 2001y and local current observations, The parameter values for
cach scenario wore developed from sotl, vegetation, ramfall, runoft, crosion, and se (imkn, vield
data collected over g range of time frames at the Laboratory and at an analog ste (Santa R
Experimental Watershed, AZ) as desenbed above, Soil properties for the sunulations are based

o material specifications provided by the cover design engimeers {Day ot alll 20035),




The low-erosion scenario assumes that the soil will have the erosion and runoft properties of a
sandy loam (crushed wff and gravel with no clay admixturey with high mfiltration capacity. a
thick vegetation cover of native grasses (canopy cover ol 70 percent. ground  cover ol
70 percentt. and an annual design runeft of 2.6 mm (1.0 0. The moderate-erosion scenano
represents an estimate of the average conditions that currently exist at the site. This scenario also
assumes a sandy foam with mixed-grass and shrub vegetation cover similar o the current.
relatively undisturbed conditions that exist in Zone 4 at TA-34 and a1 the eastern end of Mesia
del Buey {ie. canopy cover of 30 percent, ground cover of 70 percent). The annual design
runof? for the moderate scenario s 7.0 mm (.28 in.), The high-erosion scenarto assumes g loam
soil (crushed wif and gravel mixed with bentonite), a sparse vegelation cover within the range of
conditions found on Mesita del Buey (Lo canopy cover of 30 pereent, ground cover of
30 percent), and an annual design runoft of 12 mm (0.48 m.). These scenano parameters are

summarized i Table 3.




3.0 Results

The SIBERIA simulations were performed for a range of ditforent cover designs moan neraine
process that mvaived close coordimation with the cover designers at URS Corporation. The
process enabled the development of an opinmizad design that was a:,x;ws:tui wosalsiy e
pertormance eriteria. Results of the SIBERIA sumulations for the final conceptual cover are
shown m Figures 90 10 and 11, These figures show the remainmg cover depths, after 1060 vears
over porttons of the facility occupted (now and 1 the future) by pus and shafts, An orange -green
cotor scale indicates how well the cover performs over the pits. Green and vellow sha im dicate
depth to waste values inoxeess of 2.5 m (8.2 {1, whereas dark orange indicates that the cover s

approaching a thickness of onlv 1 (3.3 f1). The bluered color scale on these tigures shows the
cumulative change mn clevation across the site ot the end of the 1.000-vear-sumulation penod,

Blue shows deposition {net accmmulation) and red shows net erosion

Examinution of Figure 9 reveals that, for the moderate-crosion scenano., 2.5 m (8.2 11y or more of
cover remaims over the majority of the disposal units at MDA G 1000 vears after fnoithity closure.
Away from the disposal units, areas of erosion and deposition are observed. Gully Tormation 1

seen 1n arcas marked by long slope lengths (e m the vicinity of pits 20, 21

g cand 22y and along
the cdges of the mesa. Figures [0a and 10b show snilar results {or the low- and high-cvosion
seenarios at MDA G While greater erosion 13 noted 1 some portions of the facility under mgh
erosion conditions, a mintmum of 175 m (3.7 10 of cover appears 1o exist over most, f not ali.
of the disposal units. Figure 1 shows the depth-to-waste resuls for the wodorate-crosion
scenario at the Zone 4 expansion area. Resulis from all three scenarios show that a munmmum of

75 m {37 1) ol cover exists across 1§1L site at the end of the 1.O00-vear simulation period

Although Figures 9 through T show results at the end of the 1.000-vear stmulation period,
SIBERIA allows the user o track depth-to-wasie und sediment-vield ini’mz"};‘%;\iém} at ail pomnts
across the facility through time. Depth-to-waste values. w imh were saved every 20 vears tor the

whole facilitv, are the basis for determuning the rate at which waste may Ew brought o the
surface by means of bologie mechamsams such as rool uptake and leaf drop. In addivon, tme.
dependent sediment-vield values from the portions of the cover tocated over the pits and shafis
were tracked mdependently of arcas that were Tocoted away from waste, such as oldf fuces. In
the followmg discussion, these twe sediment source arcas are loosely refurred 1o as preatfoced

and clean-sediment contributing arcas, respectuvely.
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Site conditions: Sfapzh o waste (m) it
Canopy cover = 30% after 1,000 yoaes
Ground caver = 70%

Soff = Sandy Loam

Funoff event = 5 years (7 )
Diffusion coefficient = 2.5 x 1074

}

Ficure 9

Erosion and Deposition at MDA G for Moderate-Erosion Sceenario
(as predicted by SIBERIA model after 1,000 vears)




Frgure [0a
Loweerosion scenano {70% canopy cover.
0% ground cover, sandy loam soil. Z-vear ranoft

-

event [2.6 mm], and diffusion coefficient of 1.0 x 10,

Arges of @rasin

Ay of d sl

frgiersal pit

Frgure 10,
High-eroston scenario (30% canopy cover,
30%% ground cover, sandy loam soill S-vear runoff

event 12 mm, and diffusion coefficient of 2.5 x 1000

Figure 10
Erosion and Deposition at MDA G for Low- and High-Eroesion Scenarios
{as predicted by SIBERIA after 1LU00 vears)
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Figure 11

Erosion and Deposition at Zone 4 for Moderate-Erosion Scenario
predicted by SIBERIA model after 1,000 vears)




The 1m'w—dq;mu.l;:n‘; sedunent-vield values can be used o determine how nuch potentaliy
coptaminated sediment may be delivered o ditferent parts of the Canada del Buey and Pajarie
Canyon floodpiatns, Fizure 12 shows how the surface of MDA G s divided mo scdiment soure
areas (indicated by the divisions of the mesa-top: that drain o catcliments within cach canvon.
The boundanies of the catchments were estimated on the basis of visual mspection of the
topographic features along the edges of Megita del Buey and the water drop dhagram developed

m conjuncuon with the cover destgn effort (Day ¢t al, 2005, Figure 4).

Pu-affected sediment croded from a grid cell over a given disposal unit within o drainage is
assigned the disposal unit and dranage name, and 18 transferred across the lower boundary of the
drainage into the corresponding catchment in the canvon, In this manner the tonal amount of
potentially contanunared sedument, as well as the type and concentration of the contaminaied
sediment delivered 1o the canvon can be tracked through time. Table 4 sumparizes the deliven
of sediment 1o cach of the catchments shown 1 Figure 12 for the moderate-crosion seenaro,
Although the data have been stored as a function of time and disposal unit, Table 4 shows the
total sediment vield into cach catchment for the 1.000-vear time frame. For example. over the
FOO0-vear period. Pajario Canvon catchment PO2 was projected to recetve 8.995 T (9915 1) of
*;e;.‘{iil"ﬂi:lﬂ from uncontaminated portions of MDA G and 766 T (844 ) from pivaffected argas;
thus, the pit-atfected sediment 1s 8 percent of the total sednment delivered frony the mesa to PC2.
Note that the dramage boundaries may change through ume. For example. between 0 and
FOO vears the cover over a given pit may spill sediment 1o PC2, but from 100 to 200 vears. some
or all of the cover ever that pit may spill into another drammage. and therefore be deposited in

another catchiment. These shifts m sediment vield are also racked,
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Pajarito Canyon catchmaends

Cafinda de! Buey oalchments

1 Mesita del B

1DA G Sediment-Source Areas and

Figure 12

cdiment Catchments in Habitable Canvon Bottoms




Table 4

Summary of Sediment Delivery from MDA G te Canven Catchments over LOUO Years

Canyon Catchment

Number

Mass of Sediment Delivered (T)

Clean Sediment

Pit-Affected Sediment

Pit-Affected Sediment as
% of Total Sediment

BCO 5844 767 <
B 16,887 S8l

v GRS iHt
BC3 E.823 1,257 2
PG4 5,405 1,400

PLE 5548 1,349

PCS 5435 478
Gt 8




4.0 Discussion and Qualifications

The SIBERIA simulations represent a significant siep forward mn cover-performance modelng,
as they allow the feedback between erosion and the shape of the reposttory cover to be explored
over a highly complex topography, This work represents a robust apphication of SIBEREA and
reilects the opinion of the authors that landscape cvolution models provide the best current
option for assessing the performance of a cover exposed to long-term crosion. Nevertheless.
stgnificant uncertainty exists in the predictions. These uncertamties are the result of both model
structure, as discussed In Section 4.1, and lack of zuimgimw data for medel parameterization, as
discussed in Scction 4.2, Bven with these uncertamnuces, however, the SIBERIA sedment-yield
predictions were in line with long-term values uu,d m the lnerature as well as wath data from

Mesita del Buev, as discussed i Section 4.3

41  Model Limitations

The SIBERIA model was chosen because it was the only landscape evolution model that had
been applied to and validated for critical environmental problems constrained by regulations
such as mine reclamation and tailing pile remediation. The model version used for this study,
however. had four patential drawbacks. First. 1t did not automatically modify material propertices
in cells when erosion cut into a new layer. Second, the sediment-transport-capactty cquation may
cause spurious deposition to occur when there was a change in material type along a flow path
from a material with higher transport capacity {e.g., the cover) to one with lower transport
capacity (e.g.. bedrock). In addition, the model does not allow particle tracking or sediment-
packet tracking through the landscape, hence it 1s impossibie o determine if the sediment that
eroded from the cover over a given pit was trapped permanently m the rock armor, or eventally
made its way to the stream bottom, Third, it is likely that a dynamic climate will give a different
result than the steady-state climate the user is forced to adopt by the SIBERIA model. And
fourth. the model did not include an explict cliff-retreat algorithm. A new version of SIBERIA
is currently being tested that addresses all but the fourth of these 1ssues.

Fach of the model limitations noted above introduces uncertainty in the model results. The fact
that the version of SIBERIA used for this study did not automaucally update matenal properties
as erosion progressed 10 a new layer was not a major problem since this study modeled only two
materials, 2 homogeneous cover material and bedrock. Even so, an effort was made o minimize
the effect that this imitation had on modehing results. Dunng the sitmulations pertormed for this
study. the model was manually stopped every 20 years 1o determine if the amount of erosion or
the change n elevauon in a given gnd cell had caused the cell to move below the cover laver
boundary 11 it had, the cell type was changed from “cover”™ to “bedrock™ and the model was

restarted, Beeause there was ne way of knowing when the boundary between the cover and
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bedrock had been reached during the 20-vear mterval, the aftected celh was also reassigned o ool

clevation of the origmal bedrock surface. This approach s not expected o mraduce m

o the model projections becanse rates of erosion wthin the bedrock are smaldll

A seemingly more difbienlt problem arses from the wse of the sediment-transport-capaci

cguation o predict both croston and tansport. The amount of croded sediment transporied out of
a gnd coll depends on the gradient of the cell s matenal composiion, and the size of e
upslope arca contributing to the ol A problom may arse when a god cell wath aomaterial type
of "eover” s upsiope from a coll with material type “bedrock™ because of the rock armor. ths
suuation ocours around the entire edge of the cover. Under noturad condmons, sadimont
undlorgoing tansport from a more crodible upsiope area woudd stay m suspension and tranved

s

across the downslope bedrock arca. In the model, however, if the two cells have tie sanw

i

gracient and the same approximate upslope arca. the deamatic change i erodibiliny berween te
upstope cover cell and downslope bedrack cell causes the sediment transport capacity 1o drop

gnrfreantly. This results in sedunent deposition at the transiion botween the cells and could
pose a nonquantiitable crror m the results, since the deposition around the edge of the cover
suppresses crosion at the edge of the cover. For the cover design at MDA G however, the
proposcd placement of rock armor at the MDA G cover edge would. i facy, cause deposition of
sediment due 1o frictional resistance and water loss between boulders. Beeause the rock armor iy
assigned @ material type of “bedrock.” the model behavior 1 dus sitwation is expected o ke
sinilar o the actwal condinons that will oceur at MDA G. Thus, the mode! hmitavon noted

above probably does not strongly affect the predicied cover performance.

The other agpeet of the second model hmitanon mentioned above 1s that the model does not
allow particle tracking or sediment-packet wacking, This means the model cannot determune o
contaminaied particles will remam trapped i the rock armor or migrate o a downhill location.
Application of the new version of SIBERIA, which replaces the sediment-transpori-capaciiy
equation with gram-size-explicit-¢rosion and sediment-transport equations, would enable parucle

tracking zmmagh the landscape and thus increase understanding of how contaminanis will

redistribute through the landscape over tume. [t would alse solve the 1ssue of sediment dropping

out of suspension at boundaries between upslope cover and lower bedrock cells

The third maoded limitation, the fact that SIBERIA uses a steadv-state landscape-formimg event 1o
drive erosion, 1s hikely to have a signaficant impact on the predicted cover performance. In
nature, m;ms storms of different durations and mtensities oceur throughout a single vear: over a
pertod of 1000 vears the climate may become significantly wetter or drier. Even if the mean
annual precipitation remains the same, rn may come in fewer but lareer events that woukd
resull i maore crosion per event In this analysis, the uncertainey introduced by chimate variabiliny

over the 1.000-vear simulation period s only partally addressed. An attempt was made 10

H

.

bracket the tmpact of climate on cover performance by usig both a 2- and S-vear runoft event,
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with the S-vear event representing a wet and highly erosive condition over the LOOO vear tme
frame and the 2-year cvent representing a more moderate climate over that same period. The
cholce of the 2- and Sevear landscape-forming events was based on data from the Santa Ria
Fxperimental Watershed in southern Arizona and 1s supported by analyses tor climates as
diverse as Australia and England (Willgoose and Riley. 19980 Willgoose et al., 1991b).
However, the impacts of climate variability and extreme events on long-term cover performance
should probably be considered in greater detail. The new version of SIBERIA altows

consideration of an cvent-based climate series: the appheation of this version to MDA G may be

APPropriae,

The fourth imitation of the model used m this analysis is that it does not include the process of

¢liT retreat. While including a stochastic rockfall algorithm m SIBERIA would not be difficult
calibrating such a model would be difficult without better quantification of the actual processes.

Diata Himitation issucs related to modeling ¢hft retreat are discussed below,

4.2  Data Limitations

In some cases, uncerfainties were mtroduced because of the lack of adeguate data for model
parameterization. Arcas of particular concern include the characterization of the hydraulic and
crosional properties of the proposed cover, the role of climate variability and extreme events in
cover performance. and the impact of various ongoing geomorphic processes on cover

performance at MDA G

The material properties of the cover and bedrock are eritical data for determining the predicted
performance of the vover in relation to both erosion processes and mfiltration (Newman and
Schofield, 2005). A critical parameter for both processes is saturated hydraulic conducuvity. The
SIBERIA analvsis was performed before the results of hydraulic conductuvity measurements
performed on samples of the proposed cover material were available. In the absence of a
measured value, Newman and Schofield (20035) estimated a saturated hydraulic conductivity of
0.030 pumar (1.3 = 107 in/hr) for the proposed cover material. This value is almost 300 times
fess than the value of 11 mm/hr (4.3 < 107" in/hr) used in ISR to compute runoft for the 2- and

S-year events used in SIBERIAL

The hyvdraulic conductivity values used in the ISRY modeling were taken from literature values
{(Nvhan et al.. 1993; Charman and Murphy, 1992} for actual soils with the same texture (he.. the
same proportions of sand, silt and clay) as that for the proposed cover. The Newman and
Schofield (2005) infiltration calculations used estimated hydraulic conductivities for a 6 percent
hentenite crushed tuff mixture. These estimates were based on a linear regression {1t between the
measured hydraulic conductivity of pure crushed wiff and the value reported m Nyhan et al.
{1997) for a 10 percent bentonite/tuff mixture. Both sets of values have hmitations. The values
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representing actual seals reflect the Tact that these sods have developed. over o long peniod of
e, a structure with 2 hierarchy of pores and water pathwavs, The samples of crushed
witbentomie used for the Newman and Schofield estimate were homogencous with none of the
characterstics that will develop as a result of biotic activities such as root growth or the
burrowing activiies of anseets or antmals, In all hkehihood, the actual vadue for the saturaied
hvdrauhe conductvity of the cover Lies som sv? ere between the Newrnar and Schoficld value

and the value used for the SIBERIA modelme.

The uncertanty i the saturated hydraulic conductivity of the cover muaterial is o potentialhy
sigmificant source of error m the surface crosion modehing, I the actual hvdrauhie conductvity
vatues are lower than the values adopted for é%};‘ mudx:izz‘z;; the SIBERIA runof! rates, and
subsequent crosion, will be higher than predicted. As mentioned. samples of the proposed cover
materal have been subimitted for analvsis: t%n: resulls u%z this testing should provide addmonal

msteht into this erthical property of the cover,

Ratniall simulator experiments carried out on test plots at a hillslope scale (meluding Dow i
drainage Tinesy would help to fully characierize the mfihration, runoff, erosion. and ransport
charactenistics of the cover over a wide range of event intensities. Such experiments would
stgnificantly reduce the man source of uncertainty i the performmance assessment - the

hydraulic properties of the cover. Thev would alse provide data about the amount of e"umzz‘i';md
croston assoctated with the wide range of ramiall cvents expected under actual variable climate
conditions, which is eritical o running SIBERIA with a chmate series rather than a steadv-state
landscape-forming event. The development of a set of potential future climate series o be used
as mput to the new version of SIBERIA would hdg@ o lower uncertainty related to chimate and
provide a better understandmy of the uncertanty assoctated with the tming and size of extrome

ovents,

Currentdy, 1t 1s not known which of the ongomg geomorphie processes at MDA G pose the
greatest nisk w the long-term mtegrity of the wasic dz\pnwl units. Although rough estimates exist
for fluviad and wind crosion, no data are available 1o assess rates of ¢lif retreat or sediment-
diffusion processes. Studies 1o determme the rates of ¢hiff retreat, [uvial erosion, wind erosion.
soil development. and diffusion at Mesita del Buey would improve knowledge in this area. The
development of ¢hiff retreat rates requires the collection and processing of a statistically
meaninglul set of swmples to determine the distnbution of ¢hff face ages wt Mesita del Buey
using cosmogenie radionuchdes. Snilar weehmques can be used o assess diffusion and soi
development rates. Observations suggest that the oliff faces at Mesita del Buey are eroding
through mass wasting (block fally), wind crosion, and fluvial crosion but no useful dats exist
about the eresion rates. A thorough imvestigation of ¢hiff retrear rates and processes, including
e for colleeuny and processing enough samples o be stanstically meaninuful, would help

lower uncertauny i this area,

Mooy For e Rapn o Baste Deeot of LAND TG 8860

Gt




43  Comparison of SIBERIA Results to Field-Collected Data

in spite of the sources of error and uncertuinty in the parameterization of the model and the
model structure, a comparison of annual sediment vield predicted by SIBERIA and that
cstimated from mean sediment concentrations collected at expenmental plots and gauging
stations on Mesita del Buev suggest that SIBERIA performed well, Table 5 shows sediment
vield values derived from these sites range from 0.2 to 1 Tha (0.089 to 0.45 vac) per landscape-
forming events this 1s close to the range of predicted values of 0.4 10 3.2 Tha (016 to L3 vac)
per event. The fact that the values dertved for Mesua del Buey are lower than the SIBERIA
values could be a result of the relatively short data-collection periods, which did not mclude
large events. In contrast, the SIBERIA analvsis was based on 16 years ol data from the Sana

Rita Experimental Watershed which inctuded several large crosional events,

Table 5
cstimated Sediment Yield for Mesita del Buey Sites from Events with 2- and S-Year
Return Periods *

Return Period Runoff Sediment Yigld ¢
Volumes & {m?3) Mgan {T/ha}
Sediment

Observation Drainage 2-Year B.Year Concentration | 2.Year 5.Year

Site Area (m?} Event Event {mglL) Event Event

TA-51 RuncHf Plots 35N 3001 50FM J3E+H3 1 9E.01 38E-01
Small catchments draming TA-54

g2 4 1B+ & 20+ 8.3 +01 41E+03 5 2E-01 83601

E227 1 7E+04 ZAE02 3AE+D2 5. 0F+03 £ 3E-0 1 OE00

E247 BOE+04 3.2E+07 5 4E+00 418403 2 7E-0 4 4B

st dafn, excep! as noled
“henvoals, Runoff, and Erosion ton ;ﬁgrzm‘rr:; af Manzgement Syste

REAME; monds

caldated f:m” vodurme, Thege ylds
gvenl, a8 showh in Table 2.
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