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ABSTRACT

Simulated rainfall events were applied to selected sections of
mine haul roads to generate surface runoff and sediment for testing .of
ROSED (Road Sediment Model). ROSED is a process-oriented rinoff and
erosion prediction model developed at Colorado State University.
Parameter needs Tor ROSED determined the format Tor callection of
field data..

A definite impfovevent in sediment prediction accuracy was obtaingd
by modifying model input to simulate wheel ruts, where applicable, in
addition to the gide ditch. -Total runoff volume could be predicted
wWithin 220 percent for 75 percent of the rainfall events, and runoff
péak flow within 10 percent for 67 percent of these events. Total
sedimgnt yield could be predtcted within £25- percent for 62 percent of
the rainfall events.

Recomvendations for 1mpr0ved field techniques for road erosion
studies inciude: additional rain gages outside the plot boundary for
mora accurate rainfall distribution maps; and muTtiple event marker
equipment to record beginning and ending of rainfall and runaff,
rainfall intensity, and dye travel time 211 en a common time base.

Reconméndations for future investigations with ROSED include:
simulation of more complex runoff surfaces, such as wheél ruts; adjust~
ment of model pardmeters for simulated $nowmelt and rainfall with low

kinetic enerdy; felationship of hydraulic roughness parametérs to site
characteristics; and the relationship of infiltration parameters ‘to
easily measured site characteristics.

a7t



INTRODUCTION

Impacts on water resources. by vead construction, operation, and
maintenance are identified as concentrated surface vunéff, soil distur-
bance  and loss, disruption of surface and groundwater flow patterns,

-and degradat1on of water quality., Effects of these impacts on land

use, water suppliés, wildlife, and fishéries are generally considered
detrimental, Environmental 7aws now dictate that. these jmpacts. and
effects be estimated at the planning ‘stage of road projécts. Effec-
tive, workable tools are needed to quantify these impacts for forest
roads and surface mine haul roads.

In 1975, as a cooperative effort between USDA Foreét Service and
Montana State University, evaluation began on ROSED (Road Sediment
Model}, & toe] to estimite runoff and sediment yield From roads: We
fett that ROSED had the best potential as an operable tool to meet the
assessment needs, It is a process-oriented rurnoff and erosion predic-
tion model deve]oped by Simons, Li, and Shiap {1977} &t Colorade’ State
Unlvers1ty. In' the model tasting, we used simulated rainfall applied
to selected sections: of surface mine haul roads. to generate runoff and
sedifent yield data. Simulated rainfall was uséd for iWwo reasons: (1}
natural précipitation during the field season is infrequent and of

short duration over much of the Northern Great Plains coal region; (2)

instrumgntation 6f a number.of road sections to dwajt natoral precipita-
tion s expensive and risks Tloss of data through instrument malfunction.
Therefore, & modified Colorado State Un1vers1ty rainfdall simulator
(ra1nu1ator} was used to generate rainfall on isolated sections of

road. This report details the vainulator tests, summarizes the data,

and gives an evaluation of the ROSED model. We also offer suggestions
for finproved field techniques for rainulator Studies and vrecommenda-
tions for future studies and medifications to the ROSED model,

OVERVIEW OF THE RAINFALL SIMULATOR STUDY

Field procedures for rainulator operation and data collection
were guided primarily by data needs for the ROSED wodel and by- the
state-of-the-art for studies using simulated rainfall (USDA-SEA,
1979}, A review of ROSED. ‘documentation - {Simons, Li, and- Shiag, 1977;
Simons, Li, and Ward, 1977; Simons et al, 1979} and our observation of
road surface erosion- “hdicated three major areas of uncerta1nty in the

're1at10nsh1ps between model parameters and site characteristics: (1)

the interaction of loose soil stored on the road surface and the
runcff detachment coefficient in the prediction model; (2} the interac-
tion among model flow rasistance parameters, the part1cie size grada-
tion of road surface material, and hydraulic roughness. of the surface;
and (3} estimation of infiltration of watér into the road surface

using measurable site characteristics. Supplementary data of various
types were collected to help eliminate these uncertainties jn addition
to the usual field procedure’ for rainulator studies.

The modified TSY rainulator consists of a set of sprinkler heads
on 11-ft {3.35'm) risers with sprinkier pressure controiled by 4
regulatof at tha base of each ¥iser. This raipulator calibration by
feff (1979) showed: (1) uniform areal distribution for plots up- to
3,000 ft2 (279 w?) at wind speeds less than 7 wi/hr (11.3 ki/hr) -and
decreasing uniformiy thereafter; (2} drop size less than natural
rainfall of the same- intensity; {3} kinetic énergy about 40 percent of

natyral rainfall events.

Support equipment included a 5,000- -gal {18.93 m?) water stordge
bag, a 250-gal/min {0.95 m¥/min) pump, and a 2,000-gal (7.57 w3} tank:
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truck. -Measurement equipment incéluded a triangular, supercritical

Replogel fiume, & Fi-1 stage. recorder with 120-volt. efectric chart
drive, recording rain gage, nonrecording raih -cans, nuclear density
measurement instrument. a hot-wire anemometer, and water sanple
bottles. o S

FIELD PROCEDURE

Rodd sections for application of simulated rainfall were selected
for unifbrmity'ﬁf-surfacgtconfiguratiqni-road'gradient;“and surface
materials. ELach road. section was considered a unigue plot and 1o
attempt was made to'rep1icate_p]bt-cquditions. Test sections were
selected with a wide variety of length, width, and slope characteris-
ties within the novmal standards for mine road design and construction.

sections with a ditch-to~-ditch widih of 34 ft {10.4 m) or less
could be covered entirely by the rainuiator system. Maximum effective
coverage of 4,420 ft? [0.7015 acre or 410.6 m2) could be attained by
using 2¢ sprinklers in 3 parallel rows T7 ft (5.2 m) apart, éach with
8 sprinkiers at 20 ft (6.1 m) spacings. Adjacent. rows were shifted
10 ft {3.05'm) to create a staggered effect for more uniform coverage.
Half widths of wider roads were used by hdving the mining company
grade a berm along the: road -crown, then setting the rainulator over
the berm-to-ditch width. Figure 1 shows a typical rainuiator Tayout.

VICINITY -MAP <SITE 4, ROAD 2
Area=42609 FIZIagse MY

s T - g & = i
o 1w 20 30 LEGEND
. - Fast + Splinkllr i e Bt
UC:I:I::]‘__:IQ LI L O AinCan —— Kila) Cutol!
Magers: O Rain.Gage

Figure.1-+Samp1e;vicinity map--for a rainfall sim-
) ulator plot on a si¥face mine haul road.

Each selected road section was isolated by excavating a-shallow
ditch and installing metal cutoff walls across the upper -and Tlowef
ands. of the section. Side borders were provided. by the earth berms.
narmally constructed on the sides. of mine roads in compliance wWith
safety regulations. A chemical soil stabilizer was sprayed on the
-diteh-berm perimeter 1o pravent éxtranecus sediment gentribution from
these areas, A metal trough was placed to coliect and convey water
from the lowest corner of the road section to the -Flume,

The recording rain gage and supplementary rain cans were Yocated
in a grid upon the road section to measure rainfall distribution.
Soi1 was scraped from the first centimeter of the road surfice at
random locations to accumylate a 5- to 10-1b {2.3 to 4.6 kg) composite
sample, In additidn, joose soil on the voad surface was measured by
sweeping.and collecting the soil from within a 4-¥2 (0.37 m?) area
enclosed by a metal ring.2.26 ft (0.69 m) in diameter. These samples
were taken before and after rainfa11-app}icaticn‘at'severaj_randﬁm
acations across the section. BuTk density measurements were made
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{nucledr equipment) and seil moisture. samples were collected before:
and after each rainfall application.

Reference pins 10 ft (3,05 m) apart and alined in the expected
direction of overland fiok were Flaced at var{dus locations on the
road section. The velocity of overland flow at these locations was
measured periodicaliy during rainfall dapplication by placing a small
mass of dye upsiope from each 10-ft spacing -and timing the passage of
the centér of mass between the pins. The time of each test was recorded
50 that these dye travel measurements could be related to the runoff
‘hydrograph.

Nater.was;app]{ed;at a -uniform rate of approximately 2 in/hr

5.1 em/hr) for &t least 30 minutes, usually during the sariy morning
wher the air was relatively calm. Tests wers suspended when wind

gusts exceeded § mi/hr (8,05 ka/hr), Field data included the times of
beginning of detention storage, overland flow, entry of runoff into

the flume; and times when rainfall began and rainfall and runoff
stopped. At the flume outlet, 0.26-gal {1 Titer) samples were collected
at-1-min intervals during the rising stage and at 2-min intervals from
the peak runoff through the recession Timb of the hydrograph,

Rainfall was applied until runoff stabilized or until the water
‘Supply was exhausted. After rainfall stopped, the catch in the rain
cans was measured ‘and compared wi th the rain gage record to evaluate
unifermity of coverage. If a second run with the road in-a prewettad
condition was desired, then the procedure was repeated the folTowing
day or during the same day i wind conditions allowed. After all runs
on a rodd section were completed, & tape and level survey was mads to
map the Tocation to the nearest 0.1 ft (3 on} and elevation to the
nearest 0.0 ft (0.3 cm) of plot. boundaries, sprinkiers, rain gage,
and rain cans {see fig, 1).

A motion picture camera; set for a time lapse mode, photographed
each plot during_simu]aiedrrajnfall. These Films provided graphic
evidence of the timing of rungff from portions of the plot and providad
cites to accurate modeling -of response units and the routing seguence.

REDUCTION OF FIELD DATA

) Al -s8i7 samples were placed 1n sealed containers and shipped.-to
the Civil Engineéring Departient zbarateries at Montana State Univer
sity in Bozeman. Each sample was weighed dnd dried, then a particle
size gradation curve was developed using American Society for Tasting
Materials procedures with wet and dry sieving and hydrometer analysis.
S011s analysis also Included determination of Plasticity Index and
Liquid Limit and measurement of particle density by means of an air
pycnometer,

Water samples were filtered with Mi]iiporE'equipment to determine
sediment concentrations (gin/cc). Sediment from each run was saved and
particle size gradation curves were devejoped to characterize the

sediment: yield at intervals during the runoff hydrograph,

We used three methods o measure rainfall distribution over each

road section: arithmetic nean. of the rain-can catch; Thiessen npolygons;
and isohyets drawn with-computer.graphfcs, The arithmetic mean gaye
reliable results for these data with considerable savings of time.

The recording rain gage record wa: used to distribute the total catch
over 1-min Tntervals for the length of the simulated rainfali.
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_ The large amount of data generated by these rainfall simulator
tests required a heavy reliance ori computer digitizing of rainfall
data, observed hydrographs, and measured sediment yield. Several data
manageiient - programs were written to expedite data analysis. Special
computér grabhics programs were developed (Pexten, 1979) for-direct
display and comparison of ahserved hydrographs and sedimeéntgraphs with
predictions. These programs greatly jmproved our ability to rapidly

evaluate the quality of field data and the accuracy of ROSED results.

Ubserved runcff hydrographs were. digitized and each file of stage
readings was_converted to @ file of average stage for a presgiected
fime interval {0.5 min). This file was thén Tinked o a program with
the. Replogle Tlume rating equation to produce a file of ruroff rates
(ft3/min}, vunoff volume in area-inches/min, and cumylative runoff
volume in ft3. Files of sediment concentration (15/Ft3) were multi-
plied by runoff rates (fL3/min) to develop a file of sediment discharge
{1b/min) for graphical display and comparisonh with predicted sediment-
graphs.

ANALYSIS OF FIELD DATA

The ROSED time-space watér and sediment routing procedure uses a
conceptual road prism with five resporse units: cut slope, fi17 slope,
voad surface,. ditch, and culvert. Three types of flow dve considered:
‘overiand flow, ditch flow, and cuivert flow. In ithis study, we:con-
sidered only road surfaces and ditchds that involve only overland flow
and ditch flew. The ROSED model used in this study produces twe
‘distinct but interconnected outputs: {1} a hydrograph by -estimating
rainfall excess, overland flow routing, and ditch flow routing; and
{?} a sedimentgraph by estimating soi] detachment by rainfall, soil
detachment by overland flow, overland flow sediment routing, soil
detachment by ditch flow, and ditch flow sediment routing. A1} these
processes of detachment, transport, and storage are modeled by incre-
mental time. units. ' ’

Our ‘approach in this study has been to astimate ROSED model pira-
meters from an operational standpoint using simple measurements of
site characteristics whenever possible. A standardized procedure has.
been developed to use rainfall simulator data as a resalt of close
communication with ROSED developers to prevent misinterpretation of
model parameters. This section will only dwell on those model para-
meters of particular importance in this. study.

_ The most critical step in setting up ROSED is to define the
relationship of each response unit to the water and sediment . routing
sequence. VYery simple combinations of response urits and routing
sequences were used in a preliminary -trial with data from gach road
with mixed results--5ome good and some. poor simulations. Time lapse
photographs of runoff from road Sections showed how water actually
flowed dver the syrface and emphasized the importance of even minaor
wheel rits in overland fiow vouting. Subsequent modeling runs were
more successTul because realistic road configurations were used taking
wheel ruts into account. :

_ The road sections fell into two.groups: {1} those in which runoff
moved .transversely from the road ¢rown to a lateral ditch, down the
lateral to the cutoff ditch, and from there to the flume; and {2)
those in which runoff moved transversely to ruts in the road surface,
‘then longitudinally down the ruts to the cutoff ditch and from there
to the fiume. In case 1, there dre two relatively shori seckions of
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overland flow into two relatively Jong side ditches; in case 2, several
relatively short sections of overland flow émpty into saveral long
central ditches (wheel riuts), Figure 2 shows the configuration for
case 1 for both half road widths and full widths as compared to case
2. Dimensions of overland flow length, slope gradiefit, difch length
and gradierit, and ditch side slope were taken from contour maps made
for-each road section from survey data.

CASE 11 FLOW TO SIDE DITCHIES)

CASE 2: FLOW TO WHEEL RUTS

M/

Figure 2--Model configurations used with ROSED in
analysis: of surfage mine haul voad data.

5011 detachment by raindrop impact can be a stgnificant factor in
surface erosion. However, the rainfall simulator used in this study
produces only about 4Q pereent of the kinetic énergy .of a natural 2-
in/k (5.08 cin/h) rainstorm. For this raasoh, -in this study soil
detachment from the.voad surface by simulated raindrops is considered
to be negligible and model parameters related to this procéss were
adjusted- accordingly,

A value for avErland'f1ow resistancé for use in these tests was
determined by consuiting with ROSED developers. Because there is na

method to use site data to determine the value of this coefficient, we
selected a tabular value frow the documentation {Simons et al, 1979) and

used this constant value on all analyses reported hare.

Preliminary tests with dye travel datz indicate that the overland
flow resistance parameter may vary fram -20 percent to +25 percent
away from the constant: value used in this study. We are continuing
anglyses designed to determine if the overland flow resistarice parameter
may be estimated from medsurements of surface soi’l particle size
gradation.data and other site characteristics.

_The runoff detachment coefficient must be determined for each
overland flow and ditch segment. An empirical procedure to calculate
this parameter was suggested by Simons et al (1979):

2
OF = e (1}
0.63
where: Df = soil defachment coefficient for runoff
K= s0il erodibility -index from the Universal

So0il Loss Equation (Wischmeier et al, 1971)
Dy = median 501l particle size in millimeters

|

The ROSED procedure for caleulating infiltration s based upon
the Green-Ampt equation and requires estimating saturated hydrautic
conductivity. Field measurements of bulk density and laboratory
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measurenents of partitle dénsity were used o estimate void ratto and
porosity. Field measurements of soil foisture were converted to .
percent saturation. For the highly compacted road materiais used in
thig study, there are ho read11y available procedures for relating
hydraulic conductivity to site characteristics in the ROSED documenta-
tion provided. In this study, the diffarence between the rainfall
rate and the peak runoff rate is used as an-gstimate of the saturated
hydraulic -conductivity. for calculations: of infiltration. This procedure
has’ the disadvantage that ‘gach rainfall simulation is gptimized" by
using data from that simulation to calculate the infiltration rate.
The result is that the difference between observed and predicted
runoff volumes tends to be minimized.

RESULTS

Observed and preédicted runoff volumes and sediment yields: from
seiected rainfall simulations arg shown in tahie 1. HNote that the
error in estimating runoff volume- is usually less than the error +in
estimating sediment yield. One’ factor in more accurate estimation.of
runoff volume i$ found in ‘the discussicn in the last section.

We made 24 individual .applicatiops of rainfall, Of these, only
13 sets of data were used fo evaluate’ ROSED. The remaining data sets
were eliminated because of errors caused by wind effects, Jack of
vainfall intensity data, and faulty layout of cutoff ditches.

Figure 3A shows the results of a simulated rainfall test and gives
the measured rainfall intersity averaged over 1-min intervals tugether
with the observed runoff hydrograph, This shows the results of simu-
lated rainfall on highly compacted road sections with slow inFiltration
rates. There {s very little difference betwesn total rainfall volums.
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Figure 3A--Comparison of observed runoff and applied rainfall.

583




[RCHERE N

O+ W08 St'88 oL+ 607t 1871 g umy ¢ peoy ‘G 2318
ge+ v0 768 267221 ¥ - 687 LL 9601, g uny L peoy ‘68318
2z~ LL"26 AN 7+ €79 15'9 g uny “z peoy ‘4 2ILS
g + 62798 8288 (L~ 262 9072 ¥ ung ‘g puoy “§-e1is
9z~ £0° 19 2671 G - 0Lz 6671 youmy ] peoy Gy 811g
92+ 16746 AN g8 + 802 PE°E 3 uny 7 peoy ‘€ IS
1€- L€ gy 687 L€ 5i- L1201 151 g umyj “| peoy ‘g alis
1z~ £0°25 v 1p L+ g9"L 96°1{ ¥ unyg “f pRoy ‘g 231S
6i- 9679 pZAE] £2~ g1 101 Y ouny ‘i opeoy ‘{ S¥1S

001 X mum (B} jusufpag (BY) Juswipas oo_.x.dmm, (i) 430uny () ssouny uoL18207

={%) Joa43 PEI2LPadd =(%) 40443 paA43say. pIROLpBAd

paJansea)

BYEP [ LBULEJ pIIEINWLS- JO 518§ pRIIR|8s Wy JUSWLPIS pue pyouhd 40 .S3N|BA PAUNSESM PUR PBIDLPRU4-~T| alde]

884




and total runoff volume, and between the rainfall rate and the peak
‘runoff rate. Any evror-in mezsuring rainfall intensity-can cause a
significant error in estimation of saturdted hydraulic conductivity
according to the procedure used in this-study.

Figure 3B iTlustrates the close estimation of hydrograph shape
and peak Tiow rate that is possible with this model as used in this
study. The rising and falling 1imbs of the predicted hydrographs
typically lag behind their corresponding observed hydrographs. Ue
found that the model could estimate total runoff volume with 220
‘percent for 75 percent of the simulated rainfall events and estimate
peak flow rates within 210 percent for 67 perceént of the events.
These errors were considered to-be acceptable for our preliminary
evaluations of ROSED, '

N ‘SITE 4, ADAD 2, RUN B
aos -

005 -

ond <

D -
002 -

801 -

RUNOFF - W2 SEC

T LI S B S S S A T A O A T T A R R L DU A A L
+] 5 10 15 20 26 30 as 40
MINUTES

Figure 3B--Comparison of observed rqnuff'with predicted runoff.

Figure 3C shows & typical sedimentgraph estimated by the model.
In most cases theé general shape of the actual sedimentgraph is matched
fairty closely, although the total estimated volume of sediment §s
usually underestimated. Total predicted sediment yield was within 225
percent. for 62 percent of the T3 rdTnfall events modeled; this range
of errors is also considered acceptablé. The estimated sedimentgraph
also shows a -sTower rise and recession than the observed graph. This
is probably because the estimated hydrbgraph alsg ldgs.

_ Wind effects that cause undven distribution of rainfail and
fluctuations in rainfall intensity aver the plot, as shown in figure
44, can also: causé erratic prediction of runoff dnd sediment yield.

Tha model appears to be quite sensitive to changes in rainfall inten-
sity as evidenced by fluctuations in the hydrograph in figure 4B as
compared to the observed hydrograph, The Fluctuations in the estimated
hydrograph cause corresponding fluctuations ‘in the-estimated sediment-
graph (fig. 4C) that are not seen in the observed sedimentgraph.
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Figure 3C--Comparison of observed sediment yigid with predicted
sediment yield.
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Figure AA--Comparison of dbserved rinoff and applied rainfall showing
wind effects.
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Figure 4B-~-Comparison of observed runoff with predicted runoff showing
wind effects. '
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Figure 4C--Comparison of observed sediment yield with predicted sedi-
ment yield: showing wind effects.
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DISCUSSION

Our analysis of these results indicates several sources for the

errors between predibtéd.and.observed hydrographs. andgsedimentgraphs.
First, hedvily compacted road surfaces prevent accurate weasurement of
btk density with the-ngc]egrfequipment Wwe used. Ona reason for this

the-gammaIdepth_brobe_sumetimes cracks the soil and makes neutron

réadings suspect. Bulk density measurements with_surfaéé_gamma density
meters could not give reliable estimates of changes in subgrade- density
with depth. ’

The high density of the surface materidl alsp confounds accurate

determination of soil moisture contents before and after applied

rainfall because of the limited pore space in the s0il, Inaccurate
measurements of both bulk density and soil moisture content. can seri-

ously affect the .accuracy of infiltration rate calcylations using the
procedure in the model.

Qur interpretatien of the modeT indicates that while ROSED can be
configured to represent whoel Yuts, only one side slope can be used
for all ditches and wheel Futs. The model also assumes a V-shaped
configuration for all ditches and wheel ryts even though -trapezoidai

-or hypetboTic-shapes.may'be[found in the field. These constraints

1imit the flexibility negded to simulate the dctual shapes of the road
surface, ditchesé and wheel ryts,

The importance of the ability to simulate wheel vuts camnot be
overemphasized. We observed that wheel ruts can be an extremely
important feature $n routing. water and sediment from the forest road
surfaca. '

RECOMMENDATIONS FOR IMPROVED FIELD PROCEDURE

Simulated rainfall offers opportunitiés For systematic évalgation
and testing-of runoff and eros5ion modéls for- use ‘on roads. Our field
experience with simuiated rainfall indicates several areas where

improved field technique would pesult in better data.

The nonrecording rain gage grid should be extended 3 to 7 it (1
to 2 m} bayond the plot boundarfes in order to fmprove estimation of
the aereal distribution of rainfall. At jeast two recording tipping
bucket -rain gages should be randomly Toédted within the plot to provide
accyrate rainfall intensity data,

A multichaniiel data recording system is néeeded so that rainfall
records, ‘dye travel times, time ta ponding, and so forth, a1l appear
on a single: chart with a common time byse. This would help speed up
datajanalysis_aﬂd'reduce.errqrs caused by using data from several
different types of tharts each with its awn time scale. Runoff fiydro-
graph charts would continue to be separate, but the stage recorder
would use & f-min tick mark from the muttichannel master recorder so
that the hydrograph can be ré]ated:exactiy'ta'the conmon time bage.

Techniques are needed for better integrated measurement of soil
moisture in the upper 2 inchies {8 o) of the road surface--

particalarly at near satdration. This would not bea probiem for Tess

highly compacted soils. GravitEtion@ﬂ samples taken immediately aftar

rainfall ceased did not provide any. information ofi soil moisture at

depth. These samplés iere not related to @ known volume so that.
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accurate ‘estimates of percent saturaficn could be made. Surface soil
moisture measurements with. neutron scatter1ng equipment were tried and
‘abandoned because they were too. time-consuming, and they caused sxces-
sive disturbance of the plot surface. and cumpr0m1sed the accurzcy of
succeeding gimulator runs.

RECOMMENDATIONS FOR FURTHER MODEL DEVELOPMENT

Our ‘experience with the version of the ROSED model we used indi-
cates it.cannot be Used as @n operational planning tocl as it now
stands. Our work shows several specific deveiopmental needs that
would greatly improve the utility of this model, The engineer or
Fesource specialist concerned with estimating runoff and sediment
yield from an existing or p1anned road has jimited specitic information
to work with: soil part1cle size gradat1on, bufk density, road width,
length, grade, storm characteristics, and so forth.

Techn1quas are neaded. to relate: th1s etementary information to
parameters used in the model. Specific model parameters requiring
attention are: hydraulic roughness of the road surface, infiltration
and hydraufi¢ conductivity, and detachment by raindrops and runéff.
$imons, Li, and Shiac {1976} reconmended developmeént of handbooks for
field use of ROSED "to evaluate alternative routes and alternative
designs of road cross sections, road: grad1ents, and siirfaces, cut
slopes, embankments, -and spacings of cross drains.’

_ The addition of a snowmelt component. to ROSEDR would greatly
increase the ut111ty of this model in the northern states, especially
jh mountainous regions, AL this time, the mechanics of sediment -
movement at the soil /snowpack interface is not well understood.
Modeling a snowmeli event may only requirve corplete suppression of
detachment by raindrops and overland flow in order to emphasize channeT
flow detachment and ‘transport.

CONCLUSIONS

Qur experience with the ROSED model is generally positive. We
feel it represents a major $tep in the development of an operational
planning tool to estimate ruhoff and sediment yield from low standard
roads. ROSED has -some f1ex1b111ty to model different voad prism
configurations, but more 15 neéded to model various ‘ditch shapes and
ditch side slopes.

Simulated rainfall allows testing of the ROSED wodel on road
sections with various characteristics of slope, shape; and surfacing.
These tests allow the user to determine the sersitivity of model =
parameters over a range of Site characteristics. Further deve®opment
is needed to relate model parameters to site characteristics so that
ROSED may .be used by land managers and resource specialists not familiar
with the mechanics of this model.
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