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CHAPTTR I

INTRODUCTION

Present concern for the potentíal impacts land use actívíties can

have on the water resource has prompted an íncreased interest in evaluat-

ing the effects of forest management practices on \,/ater yield and quality.

The most widespread water quality problem associated wÍth forest manage-

ment and ín parti"cular silviculture and related road construction activities

i-s accelerated síte erosion with subsequent increased sediment.ation of fresh-

water streams and lakes.

Logging roads are considered by many to be the rnajor producers of ín-

sLream sediments. Cut and fíll slopes, road surfaces and the ditch systems

are readily exposed to weatherfng plus wind and water eroslon¿rl processes,

thus, providing the major sources for sedíment production on management

areas. The PresiCentrs Advisory Panel on Timber and the Environment (1973)

reported tlnaL 957. of the erosion from timber harvesting operatíons results

from assocíated road constructíon and maÍntenance.

The establíshment of a road network on a r^Tatershed can also produce

changes in streamflor,¡. The increased areas of imperrneability and con-

centrated surface flows associated with roads, can sígnificantly affect

local streamflow quantity and regimen. Peak streamflows are often higher

and occur more readily after road constructíon compared to pre-road behav-

íor. The degree and duratíon of high and low flows can also be aFfected by

the presence of roads. The direct and indírect impacts of íncreased channel

sediments and changes in streamflo\r patterns on r^rater quality and quantity

are many, varied and well documented. However, discussion of this subject
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i s; not r^¡it-lr i.r'r tlre sr:ope o I tlr l¡.; tcxt.

In 1965 the Horse Creek Administrative Research Project was initiated

by the U.S. Forest Service. Horse Creek was selected as the particular

area wíthl"n the Ì'feadow Creek Barometer llatershed in which tr... to develop

the methodology and resolve the problems of integrating intensive sedimenta-

tion control and stream channel protection measures into a practical and

feasible timber sale and road development planr' (u.s.¡,.s. Ì,leadow creek

summary, L97'3). The primary objective of the Horse creek study is to

evaluate the effects of a specifÍcally desígned t.imber harvest on soil

and water, with a secondary objective to evaluate alternative roarl con-

struction, stabilizatioî, and maintenance on these sâme resources.

Road construction in Horse Creek began the summer of 1978 a¡rd was

completed in the summer of 1979. Collection of data on road-related.

hydrology and erosion \¡ras Ínítíated as soon as possible after construction

was completed on each road segment and has continued to pr:esent.

The objectíves of this study \¡rere to use data available from the

Horse Creek Studíes for the purpose of quantitatívely and qualitatively

describing erosíon processes occurring on various road prism features and

to evaluate flow characteristics of selected streams which rnay be irnpacted

by the construction and existence of roads.
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DESCRIPTIO}¡ OF THE STI]DY AREA

The Horse Creek Admlnistratlve Research Project is a study of paíred

watersheds; the East Fork and the Main Fork of Horse Creek. The East Fork

drains approximately 3560 acres and the I'fain Fork about 4170 acres. These

watersheds range in elevaËíon from 6000 feet at the southern divide of the

East Fork watershed to 4100 feet at the confluence. The mean elevatíon

and median sÍde slope. of the East Fork watershed are approxímately 5190

feet and 36 percent, respectlvely. The mean elevation and medían side

slope of the Ì{ain Fork watershed are approximately 4990 feet and 31 per-

cent, respectively.

These r,¡atersheds border the ldaho Batholith. The rocks of Lhis

border zone are part of the Belt Super Group and are classifíed as sed-

ímentary and metasedimentary. These rocks consist primari.ly of gnessic

material which contains large proport.ions of quartz, ¡rlagi<.rclase, nruscovite,

and bÍotite. The soils are moderately deep, well drained, loam to sandy

loam wiLh surface layers containing much loessial silt; and are classified

as moderately shallow, well draíned loams to sandy loams.

hÏeather at Horse Creek is influenced primarily by onshore Pacífic

air masses. For the 15 years of Forest Service record., average annual

precipitatÍon is 45 ínches, wíth 60 to 70 percent occurring as snowfall.

The average annual temperature is 37o Fahrenheit. The wettest and cold.est

monEh is January, wíth the driest and r^rarmest month beíng August. Peak

runoff which is produced by snor,¡me1t, usuall-y occllrs'i rr May or.lrrrrc, witlr

low flor¿s normally occurring by late August. The drainages are almost com-

pletely forested wlth vegetation doninated by old Grand Fir (¡tbies grandis)

and íts associated species.
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Ier r;ortLll facing sub\"/atcrrsheds are pt:esÉìlìLIy bcing gagecl . Tliese vrater-

sheds range i-n size from 56 to 360 acres, witl'r mean elevations ranging frotn

4850 to 5400 feet. Average annual runoff from tire ten subwat.ersheds

for water years I975-1979 ranged from approximately 12.7 area-inches to

29.8 atea-ínches. The ten gaged subwatersheds with their respective areas

in acresr mean elevations in feet, and 5*year average annual runoffs are

listed in Table l.

Six of the ten designaËed subwatersheds have had road contruction.

Nine of these will undergo some logging prescription in the summer of

1981. In addition, subdrainages 11 and 15 are roaderl and will receive

loggipg treatment. Subwatershed six wíll be used as a control wíth no

roads or logging.

Constructíon of the fírst 7 ,gO5 feet of Road 9704 (Figure 1) was com-

pleted by August, 1978, the next 51032 feet were completed by August, rg7g,

and the last 101933 feet were completed by October, Lg7g. All of Road 9708

(7,193 feet) and Road 9709 (6,448 feet), excepr for rhe surfacing of 9709,

was completed by late September , 1978.

Two different road design standards, with variances, \^rere used on the

Horse Creek Roads. Standard I is the current standard practíce with the

design objective of providing for smooth traffic flow at a constant 15

miles per hour. Horízontal and vertícal alignment consid.ers sight distance

and grade breaks for relief of traffíc flow, but not for ¡elief of crrt and

Ê [11 heieht. The minímuln curve raclitrs (n) was I 10 f cet ancl crrrv<: wiclcn ing

was 400/n. The subgrade, travelway, and ditch widths were 16',12, and 3 feet,

respec t ively .

The objcctive of the stan.'lard 2 roacls \,üas to ní¡rjm îzt, t'uL a¡td f-il1

heights and to fit the terrain in an attempt to redur:e road-relatecl erosio¡
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Fígure 1. A map of the roaded Horse Creek subdrainages illustrating the location of roads.
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Table 1. Characterj-stics of ten gaged subr^/atersheds ín the
Main Fork, Horse Creek Drainage.

tr{atershed

202

204

206

208

209

210

2t2

214

216

2LB

Area
(acres )

I4t+

352

256

360

5B

167

203

159

70

204

Mean Elevation
(feer)

5000

5000

5000

5000

4850

5000

5200

5260

5380

5400

Average Annual Runoff
1975 - 1979

ES

c

77

245

212

310

44

132

t79

139

55

256

12.7

r6.5

19.7

20'.5

18.0

IB.7

2r.o

20.8

17.0

29.8

ç
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altd drairrt.ige problems . 'llhr-' nin jmrrm (rLlrv(: rad í.rrs (lì) was -50 [c,-e¡t ¿utd curve

wideníng was 200/R. Horizontal alí.gnment provided for rolled grades for

draínage relíef and cut and fill slope heights were mínímízed. Subgrade,

travelway, and ditch wídths were 15, L2, and I feet, respectively.

Vertical height classes for cut and fill slopes ín both design stan -

dards are as follows: Class I (0 to 10 feet), Class 2 (I0 Lo 2O feet),

class 3 (20 Lo 30 feet) , and class 4 greater than 30 feet. cut slopes

were slíghtly steeper on standard 2 roads than on standard 1, and fill

slopes hacl the same slope ratío (l4zl) on both standards.

Three road surfaces v/ere used in Horse Creek. These surfaces included

eight inches of rock with oil on the first 7 ,905 feet of Road 9704; asphalt

on the next 51032 feet of Road 9704i and natíve material with oil on the

rest of 9704 and all of Roads 9708 an<l 9709.

Four tlifferent stabllízatíon treatments were used on the cut and fill

slopes. These included treatment 1 (hydroseed with mulch); treatment 2

(hydroseed with a straw/asphalt tack); rreaÈmenr 3 (hydroseed only); and

treatment 4 ( no treatment).

A summary of some of the important Horse Creek road characteristics

that may influence surface erosion of the fill slopes is presented in Table 2.

The plan area dísturl¡ance of the fills ranged. frorn 0.0029, to 0.0058 mi2/m¡.

Also listed in the table are fíll slope treatment, road surface, road

standard, and perc.ent of roacl length in each height category. Table 3 pro-

vides similar lnformation for cut slopes. Plan ;rrea distu::bance of the

cuts rangerl from 0.0012 to 0.0034 *i2/*i.
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Table 2. Road and fíll slope characteristics for the Horse Creek roads.

Road
Standard

I

61 .0
44.8
16. B

L7.L
44.7
41 .8

î

6.6
9.2

L9.2
30 .0
ro.7
t3.2

D

0.0
11 .3
36.7
t7 .2
8.8

10. B

Road Station
Fill slope

Treatmenr2/

H..

SIA

- 

None

Percentage of road length
in each height categoryÉr/
r2345

Fi1l slope
dist.urbance
*i2 /*iL/

Road
Surface3/

¡24tfí - ac4("o
0+00-7g+05 do+bÒ

79+A5-I29+
-l

194+00-238+ 0
0+00-73+15
0+00-64+48

I
IÏ

T

ÏI
II
IT

3r .4
29.0
17 .3
33 .5
34.0
2t.L

S-

S/A
S/A

0
0
0
0
0
0

, ,(l )

029
q

097 04
97 04*- 9704
9704
97 0B
97 09

.0032

.0044

.0059

.003 1

.0036

G

A
N

N
G

G

1.0
5.7
9.9

L7 .7
1.8
6.1

l/Ho.irorrtal area of fill slopes per míle of road, excluding secËions of road v¡ith no fill slopes.

2/H=rrydtomulch plus seed, S/A=straw mulch with an asphalt tack plus seed, S=seed (no mulch).

3/G=grave1, A=asphalt, N=naLive soil.

!/C^t"goties 1, 2, 3, 4, and 5 are respectively 0-lO, 10-20, 20-30, greater Èhan 30 vertical feet,
and no fill slopes.
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Table 3. Road and cut slope characterístics for the llorse Creek roads.

Cut slopel/
disturbance Cut slop"?/ Road Trap installation I

1Ðc .) o

Cut slope height category
234 str/

9704

9704

97 04

9704

9708

97 09

0+00-79+05

79+05-129+37

I 29+37- 185+1 0

185+1 0-238+7

0+00-73+15

0+00-64+48

0 . 0017

0.0017

0.0034

0.00r5

0.0012

0 .0016

H

SIA

None

None

S/A

S/A

47 .O

32.7

1_3.8

42.3

50.4

43.6

46.7

46,0

25-2.

L9.7

39. 1

26.4

0.7

7.7

4&.3

la.7

4.9

14,7

0.0

0-0

12.7

,o

0.0

2.2

5.6

1316

7.0

24.3

5.6

13. i

I 09-r4-78

0B-28-79

10-03-7 9

I 0-03-79

09-27 -78

09-28-78

I

II

II

IÏ

II

r/^.:'These values are based only on that length of road r¿ith cuË slopes.

Í/H=seeded plus hydromulch, S/A=seeded plus a straw mulch r¿ith an asphalt tack.

3/C"t"goty 5 is that portion of the road with no cut slopes, i.e., through fill sections.
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FILL SLOPE EROSION

INTRODUCTION

The detachment and transport of sediments from road fill slopes is

considered one of the primary sources of sediments to natural flowing

streams; particularly at locatíons where the road crosses these streams.

Many factors can affect the degree of erosion on fill slopes during the

life span of a road. The factors evaluated in this study \^rere; time since

construction, winter and surmner seasons, height of slope, type of slope

surface protection after construction, windrowing of slash at the toe of

the slope and type of road surfacing

METHODS

Fill slope erosion l^ras measured by use of four-foot long galvanized

sheet metal troughs wíth wood bracíng. The troughs were placed with the

uPper edge flush with the ground and immediately below the toe of the fill

s1ope. Duff and lítter r{ere removed from the surface of the selected

síte and the ground surface was leveled. Troughs were then installed

and anehored wÍth !üooden pegs.

Troughs were placed so that each of the four vertical slope height

classes hrere sampled for fill slope erosion. The fírst trough in each

height class. was located at random wi.th the remaining spac.ed at fixed

distances. Sarnpling intensity was limited to approxirnately one percent

of the surface area to minímize interference of natural debris movement

to str:eams.

Instal1ation of troughs h/as accomplished as soon as possible after

completion of road construction. Sampling began after the first rainfall

(
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cvcllt- alld cotìt íntred per:i.odíc:al ly Llrrorr¡¡Ìr t-lrc' srrrnmer al'Ler major rai'l.a1l
events ( > 0.3 inches). Final samplíng of rhe first summer season v¡as

conducted before troughs became snow covered. Samplíng commenced agaín with

the disappearance of snow cover 1n the spríng and continued as described

until sno\¡I cover the following fall. The first erosion measurement follow-

íng the disappearance of snovü cover in the spríng is hereafter referred to

as winter erosion. The sum of subsequent measurements until snor^r cover

is designated. as surnmer erosion. Volumes of fill slope erosion were

determined by volumetríc measurement techníques. Erosion, as used in the

context of this report, ís the amount of displaced soj-l being transported

beyond the toe of the slope.

Both surface erosion and mass wastíng have been observed on fill

slopes of the Horse Creek roads. Surface erosion occrrrs primarily as slrect

and rí11 erosíon duríng and inrnediately after major raínfall events v¡íth

rain beíng the primary driving force. This is particularly true in the

first few summer mont.hs followíng construction. Fredricksen (1965) found

simílar results. He noËed that runoff from the fírst few rainstorms follow-

ing road construction on a study watershed carried 250 times more sed.iment

compared to an adjacent undisturbed waLershed. Mass wasËÍng occurs when

srnall slumps of material díslodge from the slope and move down gradient

as earthflows. This phenomenon occurs most frequently in the spríng when

the slopes are saturated from snou¡melt.

Intuitíve analysis of the tempora-l, spatia1 and physical parameÈers

which affect erosional processes on fí1l slopes provided the basis for the

following statistical analysis. Tests for statístical differences in the

degree of erosion on f'í11 slopes were macle rrsirrg tlte¡ Lrvo tailcd Stude'nt rs

t-test for means with unequal varíances, unpaired observations, and a = 0.10.
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Sl¿tI i:ll ic:¿r'l {ablils wll-í cll irrt: ludccl rrrrilbcrr (]Í' obrierva.tiorìs, me¿lrìfi, arì1l varLa.ces

for each unique road section were developed prior to applÍcation of the

Studentrs t-test (Appendix 1). The following erosion comparisons were made:

sulllrller versus wínter, first sunmer versus succeeding sunmers, first winter

versus succeeding winters, differences between heíght classes, and windrow

protected troughs versus troughs without wíndrow protection. In some cases,

tests were made for different combinations of possible influencing factors

from road surfaces and sl-ope treatments. Sínce fill slopes did not differ

in design from sËandard I Eo sÈandard 2, no tests were made between standards

on fill slopes.

Inlhen comparing first and subsequent summers or first summer and winter

erosi-onr a conmon unit of comparison \¡/as needed. In those cases, erosion

unitízed with precipitation was used for testing. This unit change was

calculated by dividing the amount of erosion for the period by the amount

of precipitatíon whích occurred during the períod. The resulting adjusted
a

units were ft"/trough/inch of precipitation. consequently, the statistical

tables (Appendix 1) have ínformatíon for cumulative erosion as well as

adjusted and nonadjusted seasonal erosion.

Roads 9708 and 9709 were not completely finíshed drrring the first

sunmer of construction, therefore, all exposed surfaces on 9709 and the

cuts and fills on 9708 (road surface was completed) \^iere sprayed with a

straw/asphalt tack untíl the next construction season. Also, many troughs

were destroyed in subsequent road wor:k on 91 09. Conseqrrerrtly, <lat;r f9r

these roads were not as compl.ete as 9704 d,aLa at tlre tíme thi.s ana1ys1s

was conducted. Therefore, analysís r¡¡et:e limited to road 9704 fl-'II slope

data.

t
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R]ISUL'IS AI.II) DISCT]SSTON

Obvious differences in trends in erosion data did not in most cases

prove statistical signÍfícance. The existing high variabilíty about the

means, and small sample sizes contríbuted to a lack of significance in a

majority of the tests.

Analysis of diff'erences between summer and winter erosíon on fill

slopes suggested a definitive trend of comparatively hígher erosion during

the summer months (Figure 2). Average first sunmer erosion on the fill

slopes below the asphalt surface section, treatment 2, heíght class 2

(station 79+05 to 129*37) tested significantly greater than first winter

erosion at that siËe; the respective average values for these periods were
2

0.153 and 0,0I9 ff /trough/ínch of precípitation. As expected, exposure of

these slopes to raindrop impact and surface flows produced by spring and

suÌnmer raínfall I^/as creating greater rill and surface er:osion as compared

to the r¡ínter seåson.

A decline in fill slope erosion occurred after road construction. The

successive decreases ín sediment produced from these slopes from the first

summer through the thírd summer (Fígure 2) índícate a trend tovrards stabilí-

zatíon. First summer nonadjusted mean sedíment yíe1d (1. t4 ft3/trough) on

the fill slopes below the rock surface section, treatment l, height class I

(sÈatíon 0*00 to 79+05) \,7as statistically greater than the mean sediment
.)

yield (0.15 ft'/trough) from the third summer at thab síte.

The degree of fill slope erosion íncreased with height class (Figure 3).

Statistical differences \,,rere not apparent, however the lrend towards increas-

ed sedíment yields from a greater height class i.s indicated by the data. One

atypical result occurred when erosion from hetght class 1 (0. 060 t;/trough)

durlng the first sunmer of data collection r,ras significantly greater than
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c-l ass 3 (0. Oo: f a3/trough) for that- s j te. Per:haJrs a si.te specif íc anomal,y

such as gu1ly ínfluence l¡/as occurring on the class 1 plots tlrus prodrrcing

higher sedimenE yields. To better represent the differences in erosion

between heíght classes a ratÍo was developed between class I and classes

21 3 ot 4 fot each road segment. In the cases where class 4 ð.ata were not

available, this class \{as assumed to be the same as class 3. The raLios \^rere

summed and divided by the number of road segments (6). Classes 21 3 and,4

.I^rere greaÈer than class 1 by factors of 7.7, 17,5, and 19.5, respectively.

{'"., i' The road segments wíth simílar condítions except for slope treatments

vüere located at stations 129*37 to 194+00 (no treatment) and stations

194+00 to 238+70 (hydroseed only). These road segmenrs ürere constructed

with native soil surfaces. The first summers erosion for these segments

were quite dífferent. Sediment from the control sect:lon for that perlod
.)

was 2.oOS rtJ/trough as compared to 0.020 ft3/trough for rhe hydroseed

area. However' statistical significance \^/as not supported, partíally due

to hígh variance about the means and small sample size. The differences

between the weíghted averages for total fí11 sl.ope erosion for these two

trearmenrs (59.1t tr3/100 ft, conrrol and 33.L0 f;/ 100 fr hydroseed,

Table 4) indicate lhat slope stabilizatíon vüas greater on the hydroseeded

site.

Sígnificant differences between erosíon on fill slopes protected by

windror¿s versus those without wíndrows \^rere not detected. However, Iarge

differences in fill eroslon dicl exsit between the two treatments as il-

lustrated in Figure 4. The stations between Gl-00 and 79*05 that were

unprotected by windrows produced sediment yíelds greater than protected

sites by factors of 13.8 and 70.2 for classes 1 and 2, respectively.
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Figure 3. Average cut and fill slope erosion as related to heisht class.
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Table 4. Total fill slope erosion by height category as of mid summer l9E0 for
the Horse Creek roads.

)oô Ð

Road

9704
9704
9704
97 04
9708
97 09

Station

0+00-79+05
79+05-129+37
L29+37 -194+00
194+00-238+70
0+00-73+15
0+00-64+48

I
ÊL

------r L

Heíght Category
234

/lOO tt of road--3
I.Ieighted
averages

Installation
date

39. 11

9.76
L6.43
5.70
0.62

2t .69

53.06
38.27
59.7r
33. l0
12.15
38.43

78.9L
34.90
73.s7
24.84
18 .45
38.84

63.50
zLt.60

52.41
42.33
42.46
52.50

150.13
60 .68

120 .00

8-10,11-78
8-29-79
ro-2-7 9
L0-2-79
8-31-78
9-27 -78

!
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CUT SI,OPE EROSION

INTRODUCTION

. Sediments produced from road cut slopes have the potentía1 for pro-

ducing adverse impacts on the r^rater and sediment flow from the road-watershed

systems. Eroded cut slope material is deposited dírectly into drainage

dítches or adjacent road surface. These detached sed.iments are subsequently

stored at these locations or transported via the road drainage system to

downslope watershed surfaces or stream channels. The presence of signifi-

cant quantitíes of these deposited sedíments i-n the ditch network can

hínder drainage of the road system resultíng in accelerated erosion on road

and fill slope surfaces.

METHODS

Cut slope erosíon qlas measured with four-foot long tr:aps constructed of

18 gauge, flattened, expanded rnetal with wood bracing. The metal was lined

with 200 mícron polyethylene mesh which traps debris but allows water passage.

Ïnstallation was conducted by íncising the toe of the cut slope with a

plantíng bar. The trap was then placed four inches in the incision and

anchored with % inch diameter steel reinforcing bar. Spikes were tlren

driven at several locations about ten inches above the Erap and flush with

the ground to establish a baseline for volume estimation.

Sites for cut slope traps were selected in the same manner as described

for fill slope troughs (Chapter 3). Installation and sampling of cut slope

traps were also conducted at times símilar to those for fill slope troughs.

Observatlon of sunmer 1980 data índicated thal- trap measurements r^rere

over estimating cut slope erosíon. Apparently not all the soil moving on
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estímat.ion vtas calculated for each trap by determining the geometric shape

of the slope adjacent to it. The over estimate v/as distributed back over

tíme accordíng to Ehe percent of total erosion at each sampling date.

Surface erosion and mass wasting have been observed to occur on the

cut slopes. However, unlike the fill- slopes, much of the surface erosion

from cut banks appeårs to occur as d.ry raveling; i.e. movement of indívidual

soil partícles down slope due to gravitatíonal forces.

Many of the assumptíons pertaíníng to erosíon trends for cut slopes

were the same as for the fill slope analysis. Differences \^rere postulated

to exíst'between seasons, successive seasons, height classes, stabilization

treatmenEs, and also between cut slopes and fill slopes. Construction

differences of cut slopes between standards \Á/ere considered ínsignificant

on impacting erosí-on rates, therefore testíng for these parameters \,/as not

conducted.

The Student I s t-test with unequal variances, unpaired observations,

and cx, = 0.10 was used for testing for statistícal dif ferences betwee¡r

means. High varíance about the means and small sample síze again contributed

to lack of significance for a majority of the tests.

Statistical lables for cut slope erosion are presented in Appendix 2.

The corrnon unít of comparison chosen for incomplete seasons was erosion

unitízed wíth Ëíme. This unit (fr3ltap/week) was derermined by dividing

the amount of erosion during the period by the number of weeks in the period.

The discussion of cut slope erosion ís lirnited to road 9704.
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RIISULÏS AND D]SCUSSì.ON

Contrary to the.fill slope erosion trends, reduction in cut slope

eroston with time did not occur (fígure 2, Chapter 3). However, a dif-

ference in sedíment yíelds between summer and winter periods were observed

with wínter yields being greaÈer; the reverse ol' f i.t1 slopc eros'jolt Lrc'llds.

Erosion, unitized with time on class I traps for statÍons 129*37 to

238+70 duríng the v/inter of I979, r^ras signifícantly greater than sunmer l9B0

erosion. The respective average sediment yields for those periods were 0.017
)

and 0.006 ft'/trap/week.

Slope height appeared to affect the degree of erosÍon on the cut slopes.

The trená for íncreased erosion wíth greater slope height is indicated in

Table 5. Analysís of the height class erosion ratio for the cut slope data,

as explai.ned in the fill slope section indicates that classes 2,3, and 4

exceed class I by a factor of 5.5, 7.5, and 10.0, respectively. Figure 3

(Chapter 3) illustrates average erosion by height class for cut banks.

Average cumulative erosion of treatment 1, stations 79+05 to 129+31

and treatment 4, stations 129+37 to 238+70 !üeïe compared to define differ-

ences in erosion on treated and nontreated cut slope surfaces. Erosion on

class I slopes wiLlrotrL surface llrotcrctjou (0.60 l-t3/r,^.i,¡r, Lrt'¿lt.nrcrrL 4) w¿lr;

signíficantly greater than on the sites protected with hydroseed and mulch
.)

(0. 16 ft' I trap, tïeatment 1) .

Cut Slope and Fill Slope Co mpar ison

Cut slope and fill slope data were compared ín an attempt to identify

differences ín the degree of erosion with time and leve1 of stabílization

treatment. Sediment yíelds on road 9704, stations 79+05 to 129+37, treat-

ment I , \,ùere signíf ícantly greaËer for height classes r ir . L4 tt3 /trough)

(_.
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Table 5. Total cut slope erosion by height category as of míd-summer 1980
for the Horse Creek roads

e
Road Stat Íon

Heíght categories
1"234
----ft" /I00 ft of road----

Construction
year

o
9704

9704

97 04

9704

9708

97 09

20.19

\4'07

22.7 5

13.40

17 .80

27.75

173.93

55.76

79.66

10 .89

48.31

78.96

r4s.4s

222.46

86.25,

135.14

162.87

262.t4

232.51

L97B

197 9

197 9

1979

I97B

T97B

0100-79+05

7 9+05-L29+37

129+3.7- 185+10

185+10-238+70

0+00-73+15

0+00-64+48
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anð 2 (1.S2 ft'/trough) on fill slopes d.uring the first summer after con-

structíon as eompared to cut slopes, class I (0. o f;/trough) and class 2

?(0.04 ft-/trough). The reverse trend occurs duríng Èhe winter. As íl-

lustrated in Fígure 2 rates of erosíon on fíll slopes declíne rapldly with

time after the first surnmer, however, erosion rates on the cut slopes remain

hígher in winter and comparatively lower in the,sunmer. Statistical analysís

díd not suPport sígnificant differenees between wint,er erosíon on cut and

fiLl slopes however, analysis of the observed data (fa¡te 6) suggest that

these differences are real.

Cumulatíve erosíon from cut. banks tends to be greater than from fiLl

slopes (faUte 7). Apparently the fill slopes r¡¡ere stabilizíng during the

, period of record more rapídly than the cut banks. The dífference between

cut and fill accumulated eroslon may become more apparent with time.
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Table 6. Seasonal erosíon of cuts and fil1s by height category for road 9704,

Seasonal Erosion (ft3/trap)

Suruner
Cuts

L978
Fills

I,Iinter
Cuts

L97 9
Fí11s

Summer
Cuts

L97 9
Fills

trrlinter
Cuts

I 980
Fills

o

t

Summer
Cuts

1 980
Fills

ô o )

Station Class

Gl-00 to 79+05

79+05 xo 129+37

L29+37 to 184+10

for cuts
LZg+37 to 194+00

for fil1s

184+10 to 238+70

for cuts
194+00 Èo 238+70

for ;-il1s

!/no Lraps in thar category

I
2

3

1

2

3

1

2

3

4

1

2

3

0.04

i. i4
L.82

o.s4

0. 14

L.75

0 .2B

0. 01

0.24

0 .05

0.01

1.22

I .39

0.03

0 .07

L/

0.01

0. 13

0.61

o.94

0.07

0 .05

o.27

0. 18

0..69

0.55

o.29

0.58

3 .01

0 .06

0 .09

0.003

2.005

0.10

0 .09

0.002

0.002

o.37

3.34

3 .89

0. 09

I .36

0.89

2.30

5.78

4.7 4

0.41

0.32

2.64

0.11

0 .02

0 .04

0.05

0 .50

3.25

ñ )')
0 .88

0.8s

L.20

0.05

0.40

L.02

1.13

0 .01

L.22

I .39

0. 04

0.61

0.01

0.7 5

2.67

4 .80

0.06

0.06

0.54

0. 15

0.59

1 .00

0 .05

0.32

2.20

0. 38

1.]2
2.L4

2 .80

0.08

0 .53

0.66

0

0
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Table 7. Total mean slope erosion by height category, as of míd-July, 1980
from Horse Creek roads constructed ín the summer of 1978.

I
---fr

Height category
a23
" /I0O ft of road--

üleighted àverage

o

c

Cuts

Fi1ls

j( Difference

2t.9r

20,.47

7.0

100.40

45.40

T21.2

r47 .82

52.82

L79.9

68 .54

34.s5

98.4
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CIIAPTER 5

CUT SLOPE AND FILL SLOPE MODBLTNG

INTRODUCTION

One of the continuíng objectives of the Horse Creek Adminístrative

Research ProjecË Ls to develop models for predicting sediment yields pro-

duced by road constructíon and maintenance in the Meadow Creek System.

Sone inítíal rnodel development lras attempted ín thís study with the past

two years of road dat.a from Horse Creek.

METHODS

CuL and fill slope data were plotted for accumulated erosion versus time

by height class. Simí1ar plots were made for accumulated erosion versus pre-

cipitation. Cut and fill slope erosion rates were also plottetl wi¡¡

time.

Several linear and non-linear mathematical functions were tested i-n an

attempt to descríbe accumulated erosíon and erosion rates for cut and fill

slopes. l'{odel selection was conducted by utilization of the General Línear

Models procedures of the Statistical Analysis System.

Data for wínËer erosion were excluded from these analysis because the

dominant factors affectíng sediment detachment and transport are different

during snov,melt runoff as compared to raínstorm events.

RESULTS AND DISCUSSION

Application of the various models to accumulated fill slope erosion

data provided insight into selectlon of the equatÍ-on which best descríbed

the changes in accumulated erosíon wíth time. The moclel which best described

)

L
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this relatíonship was of the form:

t-ßo*ßtX+ß2!,nX+e

Irlhere'Y = cumulatíve erosion (tt31100 ft of road)

X = number of days since trorrgh insrallatíon
ßo, ßl' ß2= regression coefficients
e = error

The equations developed for predícting fill slope erosion for roads

9704 and 9708 as a function of tíme and precipitation are pi:esented in Tables

B and 9, respectívely. The coefficient of determination \^ias greater than

0.90 for 12 of. the 16 equations, with the lowest R2 beíng 0.86. Fígure 5

,illustrates a plot of the regression equations developed for accumulated

erosíon as a function of fill slope height class for road 9704 stations 0*00

to 79*05. The fíll slope data on road'9709 did not appear to have a defj.n-

able relationship. Periods of missing data most líke1y contributed to this

lack of an ídentífiable pattern, therefore modeling of these data was not

attempted.

Several models were applied to the cut slope accumulated erosion data,

however, because of poor statístics of fit (low R2 and high probability of

a greater F value) these attempts were abandoned.

The equation selected as best describing the fíll slope erosion rate

data was of the form:

.0nY = ßo + ßf Î,nX + e

I^lhere:

Y = erosion rate
X = number of days since trough installation

ßo and ß, = regression coefficients
e = error

I c

rl
I

(tt3 /100 ft /ð,ay/incn precipítarion)

(,

L
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Table 8. Regression coefficients and statist.ical information for the fill slope

erosÍon model: Y = ßo + ßf X + ß2 !"nX, where X equals the number of days

since trough installation and Y equals cumulative erosion ín ft3/100 ft of road.

Road Station

9704 5.9061

5 .659 I
8.5957

-5.1399

0.94

0.90

a.96

0.87

0.96

0. B9

0 .96

0.92

Y ßap
o Þ2 R2 F value

Probability of
a greater F

0.0001

0 .000 I
0.0001

0 .0001

0.0019

0.0123

0.0020

0 .007 I

1

I0+00-79+05 I^ir.

HCl

HC2

HC3

Ave.
)l

J/

0.2343

-0.2583

-2 .97 28

23.4265

I .3489

0 . 3510

_L.5LI7

15 .8330

0.0131

-0.0010
0.0261

0 .086 1

0 .0073

0 .00 15

0.0178

0.0103

7I

43

L02

30

9 708 0+00-73+15 Wt. Ave.

HC1

llc2
HC3

0 .8309

-0 . 1315

0.9397

2.8697

44

T6

43

22

!/wa. Ave. = weighted average erosion

Z/Hç = heighr caregory

3/ff,i" model is based on data from only one fill slope trough.



c o

Table 9.

Road Station

g7O4 0+00-79+05 I{t . ar. . !/
2_/

o c o o o

Regression coefficients and statistical informaÈion for the fill slope

erosion model: Y = ßo + ßf * * ßZ !,nX, where X equals the number of
inches of precipitation since trough installation and Y equals cumulative

erosion in tt3/lOO ft. of road

Correlation
coefficient.

o

F Probability of
value a greater F

)o (t

Y g2
1

R.

HCl

HCz

HC3

ßo

L4.5490

L3.4666

17 .5470

12.5002

3 .6908

0 .07 22

t.3482
23 .87 97

0 .0733

-0 .03 14

0.1290

a.æ24

0.0655

0 .01 38

0.158s

0. i068

6.4896

5 .8019

L0 .L7 47

-5 .27 59

0.7726

-0.1351
0.9133

2.3520

0.91

0 .86

0.94

0.91

0 .93

0.94

0.94"

0 .86

48

28

70

43

25

32

33

T2

0 .000 1

0 .0001

0.000i
0 .0001

0.0054

0.0035

0 .0032

0 .0206

9708

2/

Gl-00-73+15 Wt . Ave.

}IC1

HC2

HC3

l/l+..4.r". = weighted average

?lnc = height caregory

3/ff,i" model is based on data from only one fill slope trough.
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Predicted accumulated
heieht class for road

n

HC2

v = t-2.9728 + 0.0261(x) + 8.s957 Lnxj

HCr

î = {-0.2583 - 0.00i(x) + 5.659t Lnx}

HC3

i = :22.4265 + 0.086r(x) - 5.1399 Lnx\

2øø 3øø

DAYS

erosion on fill slopes as a function of time by
9704, stations 0*00 to 79+05.
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'lihe equations f-or l'i l.t s.l opc l:aLes ol- r:rosi.oll .are prosentecl irr Tabl_e 10.

Equations for fill slope rates of erosíon on road 9709 and for cut sJ.ope

rates of erosion on all roads r^rere not. developed for reasons previously

stated. The predíctive equation for fill slope erosíon rate as a function

of days since trough ínstallation ís presented in Fígure 6.

arison with Bo us Basín Model

Megahan (L974) developed a model which expresses road fill s1,ope erosíon

ín tons/mi-2 as a funetion of time. The model was developed from data col-

lected in the Bogus Basín area whích is located ín the granitic soils of the

Idaho Batholith. The model is expressed in the form:

J = ßor - ß, {e-ßZt - t1

LIhere:

Y = acòumulated fill slope erosíon (tons/mi2 of area disturbed)
t = accumulated time since disturbance (days)

ßo, ß1r and ß, in this specific case = 17.4, 21484.7, and

0.0375, respectívely

The volume of erosíon predícted with the Horse Creek model developed in

this study for the weíghted average fíll slope erosion on road 9704, stations

0*00 ro 79+05 ( ç = 0.2343 + 0.0131 (x) + 5.9061 [n (x) ), ar 704 days is

48.18 rt3/toO tt. road. Assuming a densíty of 1.787 tons /yd3 tot fill slopes

of gnessic rnaterial and a total dísturbed area of 0.0043 mi2, the preclícted

volume extrapolates to 58r620 rons/mi2. Tlle Iìogus Ilas in modcl. pred.lt: ts for

the same 704 ð,ay period accumulated erosion of 33,734 tons /ni2, which repre-

sents a difference of 427. from the Horse creek model predictíon.

A comparison of the predlction equations are presented in Figure 7.

Some of the major reasons attríbuted to these differences in predicted fill
tt
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Road Station

97 04 0+00-79+05

9708 0+00-73+15

9709 0+00-64+48

2/

c

Erosion Rate

Y

C)

ession Coefficients

ô o )ô o

Probability of
a greater F

o

Table 10.--Regression coefficients ancl statistical information for the fill slope erosion rate
curves. The model is of the form.[nY = ßo *"ß1[nX where X = number of d.ays since
trough installation and Y = erosion rate, ft-/100 ft/,1.av/inch of precipitation.

2
ßo R F value

3.5047 -1.5619 0.95 r2r
4. 0009 -1 .826 r 0 .90 63

3.6424 -t.4879 0.94 115

0 .2402 -0.9645 0.67 L2

3.4358 -1 .9026 0 .96 94

mean = -9.9598 st. dev. = A.2843

-0.9725 -0.9792 0.70 7

6.B2Lr -2.4410 0.96 80

----models not developed----

ßr

trIt. Ave.

HCL?/

HC2

HC3

Wt. Ave.

HCl

HC2

HC3

1 o .0001

0 .000 I
0.000i

0 .0134

0 .0023

0 .0800

0.0029

L/ I¡It.Ave. = weighted average erosion rate

HC = height category
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slope erosÍon ínclude; (1) dÍÊferences ln parent maLeríal, therefore, differ-
ent erodabÍlity characteristícs , (2) heíght class distríbutions used for

model development r¡rere not specified ln the Bogus Basln study, thus, the

va1ídity of comparison is related to the assumption Ëhat similar height class-

es are respresented, and (3) the equations were developed for different roads,

thus the model regression coefficients are most representative of the indiv-
idual road conditions and erosion rates.
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C}IAP'I'ER 6

RILL AND GULLY EROSION OF FILL SLOPES

INTRODUCTION

The oríginal technique to quantífy fill erosion íncluded measurement

of sediment delivered to .four-foot l-ong troughs placed along the toe of

the fill slope. However, as the result of the first few convectíve storms,

rílls and gullíes began forming fn the new fíl1s. The trough samplíng

íntensity $tas too low to adequately sample such a variable process. There-

fore, the decision was made to inventory all gullíes and rills each fall

and spríng to better quantify fíll erosion.

METHODS

Rill and gully erosion of the fí1l slopes on road 970h, stations

0*00 to 79+05 I^ras quantífíed each fall and spring following road constïuc-

tion. The fil ls \¡/ere constructed with a lL:1 slope. Fílter windrows were

placed at. live ¡^rater crossings along the toe of the fill for this section

of road. Approxirnately 1190 feet of fills $/ere protected with windro\4¡s,

which \^7ere put in place as the road was consÈructed. In the falj the slopes

were seeded, hyrdomulched and fertilized.

Rills with an estimated volume of f t.0 ft3 were counted. Tlre volume
t

r^ras measured or estimated for all rills > 1.0 ft'. The width and depth of

a ri1l at the top and bottom of the fill slope plus its length was measured

and used to determine volume. After many measurements of rill volumes the

crew'became reasonably accurate at estimatíng volumes. Subsequent samplfng

íncluded estimates of volume with frequenL measur:ement checks. The accrrracy

of the erosíon estimates by this method is considered to Ue t 1S percent.

Addítionally, the downslope travel distance of eroded material was
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measured for each fill alo¡rg with tlre slopes of the forest floor and fill. sur-
faces' Field notes \¡/ere made on; (1) the dísposition of transported material,
(2) visíble contríbutions of overland flow from the road surface, and (3)

special fíl1 slope treatments.

Slumping of the saturated fíI1 materlal was common during the firsË
spríng snov'¡melt season. Therefore, addi.tional notes were made on the loca-
tion of slurnping âctivity during the rill surveys. For those slumps whích

could possibly contribute to insËream sediments down gradient from the fill
slope, measurements \^rere made of void volume at the head of the slump, plus

Ëransport dístance of the díslodged material. No attempt was made to measure

the volume of the slumped materíal leaving the fírr srope.

RESULTS AND DISCUSSION

Erosion Volumes

Total rí11 erosion from the time of road constructiorr to the fall of
1980' (approximately tv¿o years) amounred ro 1895.9 rt3 or 23.98 rt3 per 100

feet of road length. using an esrimated bulk density of 1.24 gn/cc .L/

this value converts to 29182 tons/mí2. ApproximateLy 44 percent of the total
eroded fill material left the fill slope during a six week to two month

period of time between road completíon and the first rill survey (Figure B).

The slopes had not been hydromulched and seeded during this period and several

intense raínstorms easíly eroded the recently deposited fill material.

August 1978 was unusually wet as evídenced by 2.74 inches of rain between

August 12th and 22nd,

Slurnplng of fill material vüas common ín the sprfng of 1979, nine months

t
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e
r/Gospel Hump data for similar soÍ1s.
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follovÍing road construction. Approximately II7" of the length of road ex-

hibited slumping to various degrees. Although slumpíng r^ras occurring traf-

ficability of the road was not adversely affected, in fact many of the slumps

I¡/ere sma1l and did not leave the fill slope. Several slumps Ínvolved displace-

nent of 20-60 ftJ of material. The slumping activity partially nullified'the

stabílizíng effects of hydromulching and seedíng by exposing bare mineral

soil surfaces t.o raín and surface runoff. Slurnped material was approximate-

Iy 5% of the total rill erosion during the spring of L979. Ri1l erosion ín

the slumped materÍal (432 tt3 of materíal) accountèd for 23lZ of the total ril1

erosion by the fall of 1980 (Fígure B).

Fígure 9 illustrates the Èime trend in cumulative fill erosion as deter-

, mined from collection trough data and from the rill surveys. The trap dat.a

indicates more than twice as much fill erosion as compared to the rill

surveys. As of fall 1980 cumulative trap and rí.11 erosion values were 53
.,

and 24 ft'/100 ft. of road length, respectively. The ril1 survey erosion

estimates are comparatívely lower because they do not Ínclude sheet erosion

or naterial transported off the slopes in slumps. Also, total trap collec-

tion length measured less than one percent of the total length of fills;

therefore, erosion estimates from these data are very sensitive to a single

rí11 influencing a trap. The true value of erosíon probably fal1s somewhere

between the rill survey and fill trough estímates, However, the rí11 volume

estimatíons should be more accurate because the tot.al length of road. was

measured. llhen estimates of slump erosíon volumes are added to the rill

erosion volumes the values increase to withLn lO-I57" of rhe trough estimates.

Transport Distance
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The dor^mslope transport of sedíment below the rills and gullies ín the
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Figure 9. Fill erosion over time for trvo methods of quantification on road 9704,
stations 0+00 to 79+05.
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fj11 slope Ín/as extremely varíable (fa¡te tl). The maximum transpor:t

distance measured was 150 feet. Those gullíes that were below or adjacent

Eo relief culverts tend to have greater travel distances below the fi1ls.

The rílls above filter wíndrows díd not transport material below the wind-

rows during the first year. The average travel distance be"l-ow the windrows

as of the fal1 of 1980, \^tas 3.8 feet. Rills and gu11íes in slumped material

had longer travel distances (41.4 ft.) than those on nonslumped fílls

(24.2 ft.), for the same period. Along the Èotal length of road,7905 feet,

with 6 stream crossings, only fíve gullies reached llve r¡/ater. This lack of

disturbance of stream channel ínt.egrity was prímaríly attríbuted to the

protectíon of the fill slopes with filter v¡indrows at each of the crossings.

Stepwíse regression techniques r4rere used to develop predictive equat.ions

for downslope Lransport. of materíal below the fills. Modeling \^ras limited

to gullies formed in nonwindrowed fi1ls which díd not reach live water ar-rd

I^iere not influenced by relief culvert drainage.

The índependent varíables r¡rere: volume of the rill in cubic feet (V);

percent slope of the fill (f'Sl); percent slope of the forest floor below the

fill (FORSL); height category of the fill slope (HCnt) where caregories 1,

2,3 and 4 are fill slopes with vertíca1 heights of 0-10 ft, 20-30 ft, and

greater than 30 ft, respectívely; and a dummy variable índicating whether

or not the ril1 was visibly caused by surface runoff from the road surface

(R0) .

Table 12 lists the regressíon equations developed for predícting

downslope transport of fill material below rflls and gulli.es. A probability

of a greater F value of less than 0.1 was required for inclusion of each

independent variable, ín Ehe mode1. The resultant coefflcients of determina-

tion were low, ranging from 0,26 to 0.47, índicating that much of the

C
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Table 11. Mean travel distance of fill material below ri1ls and gu11íes for different fill conditions
for road 9704, stations 0*00 to 79+05.

Fi11 CondiËion co¿" !/

fearC

Sampling
Date

Fa11 1978

Spring 1979

Fal1 1979

Spring 1980

Fall 1980

t t 
, nn.r*¡!r of nillsTMean Trav.18or"."r,""

9 I0 Total
(fr.)

2 73.5

I L22.0

L 122.0

L L22.0

I L22.0

2-

I

15

29

34

16

35

37

45

45

0.

0.

,

3.

3.

t5 .4

38.0

3s.6

4r .4

0

0

5

8

8

7

10

T2

T4

15

59. I

65.4

69 .5

64,r

59 .8

7 62.9

4 108.3

6 83.3

5 67.6

5 67.6

208

L82

r68

r54

i48

8. 1 24A rt.2

12.2 240 t4.9

14 .6 24L 18.9

23.2 248 24.7

24.2 248 26.,3

Lt 3 = gully below culverË outfall; 5 = no distance data recorded;

6 = rill or gully in slurnped materíal; 7 = ril1 or gu1ly above filter windrow;

B = combines with culvert outfall; 9 = reaches a live stream;

10 = all other situations

-\
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Table 12. Stepwise regression coefficients and statistical information for the transport
distance predictive equations for road 9704, stations 0+00 to 79+05.

-)oonC

3a
Sampl ing

Date

Fall '1978

Spríng 1979

Fal1 1979

Spring 1980

Fa1l 1980

^11 ^^ßo Variable¿' ßt Variable ß2 Variable a
r.r3 Variable 2D Prob > F

9.40

I 16.07

2 -8.24

2.54

1 13.35

2 9.06

3 -9.20

I 13. IB

2 -5.39
3 -8.64

V

V

V

V

r7

V

t7

V

V

V

r.83

0.77

o.72

1. 18

0. 61

0. 56

0.58

0. 61

0.63

0. 5B

RD

RD

FSL

FORSL

HCAT

RD

FORSL

HCAT

FORSL

FORSL

9 .05

18.51

0.40

0.51

ra.42

20.82

0.49

11.30

0.50

o.49

HCAT

RD

HCAT

RD

TI.92

20.34

10.94

18.46

0.47

0.28

0.32

0.24

0,26

0.31

0. 3s

0.26

0.29

0.32

0.0001

0. 0001

0.0001

0.000r

0. 0001

0.0001

0. 0001

0.0001

0.000i

0. 000r

RD 19.84

HCAT 1 1.66

HCAT L2.29

!/Irrd.p.rld.ent variables: V = volurne of rill (¡t3), fD = road contribution dununy varíable,
HCAT: height category of the fill slope, FSL = slope of fill (7"),

FORSL = slope of forest floor (/").
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variation i.s not beíng explainecl by the rnorlel. The poor fit of the regr:es;siol

model can partía11y be explaíned by the omittance of varíables whicrr can

greatly influence transport. For example, the type or density of obscruc_

tíons (t.e. brush, depressions, etc.) below the fills \^rere not measured

thus, not íncluded in model development.

The most important variable in all of the regressions was t¡e volume

of the gully; transport distance increased with increasing gully volume.

The road contríbuÈ1on variable was ,also important; wÍth transport distance
íncreasing íf the road surface r^7as conEribut.ing surface runoff .

Regressions developed for the second. year after road construction
include the varíables of fí11 slope height category and percent srope of

,the forest floor. Apparently the initial transport of materíal is prímaríly
influenced by the volume of l^tater acting on the fill slopes while subsequent

increases in transport distance are also influenced by road design and topo-
graphy varíables.

The volume of transported fill materíal deposited withín downsrope

distance eategories I,rtas not measured. However, if the assumption ís made

that depositíon is uniform along the travel distance, then vol.umes with
distance categories can be approximated. 

.Figures l0 a.d l1 show the per_

centage of material passing given dovrnslope distances. Rills reaehing live
!ùater, above windrows, or influenced by relief culvert outflow vrere not

used in this analysis. The percentage of material passing a given distance

increases r,¡ith tíme as does the actual volume. Two years tolrowing con_

struction, 73'/" of the material is still within 50 feet of the toe of the

fill' This amounts to approxímateiry 332 ft3 of material beíng rransported

greater than 50 ft.
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Figure 10. The percentage of material passing a defined downslope distance for the
spring of 1979 and 1980.
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DITCH EROSION

INTRODUCTION

The purpose of a ditch profile analysis was to aid in determiníng the

origín, deposítion, and movement of sediment from specífíc portions of the

road prism--cut, ditch, roadbed, and fill--and to define the relative

contríbution of the ditch to total sediment load.

A complete ditch profile analysís will eventually be used to evaluate

dífferences in erosional processes between road standards, roads with dif-
ferent surfacing, dl-fferent, cut slope heíghts, cut slope treatments, and

ditch treatmencs. The following narrative is a discussion of the ditch
'profile analysis on road 9704, stations 0*00 to 79+05, constructed ín Ëhe

summer of 1978. This road ís a standard I road with gravel surfací-ng. Cut

slopes were seeded and hydromulched. The ditches did not receive any special

treatment. Therefore, statistical comparisons r^iere not made between stand-

ards, treatments, etc.

This discussion addresses the aggradation and degradation processes

within the ditches by sampling period and the effecËs of cut slope height,

ditch gradient., road grad.ient, and travel dÍstance within the ditch, on

dítch erosional processes.

METHODS

Field Measurements

The oríginal study plan called for cross-sectioning of the dltches at
ttbreak pointsrt wíth a ri11 meter. Average end-area calculati.ons would then

enable determiriation of changes in ditch volume between períods of
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!'/âS not taken.

The adopted procedure íncluded periodíc surveylng of elevation in the

dítch thalweg at ten foot intervals. I.rlhile this procedure cannot be used

to accurately estimate Ëhe volumetric change in the ditch, lt does províde

informatíon on aggradation and degradation in terms of an elevation change.

The elevation of the dltch thalweg hras surveyed at ten-foot dístance

íntervals between each relief culverr. The tops of the entrances to the

culverts were the startíng and endíng points for each circuít. survey

circuits were closed and acceptable, if the error of closure \i/as less than

0.03 feet. If irregularítíes, such as slumped material, were encountered;

survey poÍnts were taken more frequently.

Surveys of the ditch were made in September 1978, just after road

completion; in June tglg, and again in October I979. The major contribu-

tion of flowing rraEer to the ditches during the September 1978 to June 1979

was primarily snovrmelt. From June 1979 to October 1979 the ditches would

be carrying v/ater infrequently duríng intense raínfa11 events.

Data Analysis

The ditch elevation surveys followed the ditch thalweg, consequently

there were differences ín the distances between two specífic culverts from

one survey to the next. Differences ín distances between cul-verts were

usually wíEhin 2% oÍ the measured distance of the fÍrst srrrvey. Distarrces

for all survey points in the second and third srrr,veys wer:e adjusted, based

on distance betv¡een culverts for the survey as compared to the distance

for the first survey, using the followlng equation:
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CDIST = TDISTI
TDIST x DIST

= corrected distance, ft.
= measured dfsEance, ft.
= total dístance between culverts for the first

survey, ft.
= Ëotal measured distance between culverts, ft.

= corrected elevatlon, ft.
= measured elevatíon, ft.
= measured elevation of start culvert, ft.
= oríginal elevation of start culvert, ft.
= measured elevation of stop culvert, ft.
= original elevation of stop culvert, ft.
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Where: CDIST

DIST

TDTSTl

TDIST

All elevations in a particular survey are based on a given elevation

of the top of the fírst culvert Ínlet. Thus, âny freeze-thar¡/ processes or

fill settlement whích could alter this elevation, would also affecL every

elevatfon measuremenË. Because of the lack of any íntermediate benchmarks,

survey bias may accumulate over the 7905 ft. length of the ditch. To

, correct for any accumulatíve survey errors, survey points for the second

and third survey between any two culverts were corrected using the elevatj-on

dífferences of the two culverts compared to Èhe first survey elevations

using the following equation:

CELEV = ELEV _ (qE!ËV - SELEVI) + (STELEV - STELEVI)
2

I^Ihere: CELEV

ELEV

SELEV

SELEVl

STELEV

STELEVl

Finally, íf there r,rere any elevation measurements made at distances

in the firsL survey that r¡ere not obtained in the subsequent surveys,

elevations for those dÍstances were deLermlned by linear lnterpolation

between the two adjacent survey points.
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Sttn¡¡¿rr ízat'ion årìd ¿lr1a.['r'1l is r¡f cl i t-trll c.l cv¿rL íon data \^/el:c I inli t..c'cl tcr

elevatíons taken at ten foot increments. This interval r^/as selected to

eliminat.e the measurements made whíle surveying across slumped material.

Inclusion of all. surveyed points would dÍsproportionally weight the sl-ump-

ing activity. Additionally, measurements made wít.hin catch basins ac

culvert entrances were deleted from the analysis.

An analysis of vâriance was performed on the data to investigate the

effects of ditch gradíent, road centerline gradient, cut slope height,

distance from starting culvert, and interaction terms, on dilch el.evation

"htrrg"". Ditch degradatÍon \^ras hypothesized, to show an increase with

increasing ditch slope, road gradient and distance from the start culvert.

Also, depositíon of sedíments in the ditches \^ras expected to incr:ease as

cut slope height increased

Ditch slope and road gradient were cl-assified into 3% slope classes:

class L = O-37., class 2 = 3-67", etc. Distance r,ras also defined as a class

variable: with class I = 0-100 feet, class 2 = I0O-200 feet, etc. Cut

slopes were categorized by vertical heíght as follows: caEegory 1 = 0-10

feet, category 2 = 10-20 feeL, category 3 = 20-30 feet.

If a class varíabl-e significantly affected ditch elevatíon changes,

then a Duncanfs rnultíple range test (o = 0.05) was performed on the means

for the classes.

RESULTS AND DISCUSSION

Mean ditch elevation differences between surveys were calculated for

the entire length of road, the lengths of road in each watershed, and the

lengths of road that could contríbute to the downslope stream section at

each stream crossing (faUte t¡). Ditch erosion for the fírst winter and
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Table 13.

'¡ I

Mean ditch elevatj-on differences between survey dates by watershed
and stream crossíng.

e Sept. I978-
June 1979

Mean Ditch Elevation Change

June 1979
Oct. 1979Locatlon

Sept. 1978-
Oct. 1979

feet

I^latershed 18
Crosslng 1B-1
Crossing lB-2
Crossing f8-3

I^latershed 16
Crossing 16-1
Crossiàg I6-2

I^latershed 15

Road 9704
0 + 00 - 79+05

u+0
+0
+0
-0

c 6
6
I
7

0
0
0
0.

-0. 04
-0. 09
-0. 0s
-0.05

-0.01
-0.06
+0.06

-0. 11

-0.05

+0. 02
-0.03
-0.03
-0. 13

e

o

-0.06
-0.0s
-0.08

+0.03

+0. 04

-0. 07

-0. 11

-o.02

-0.08

-0.01

T/ posit.Í-ve values indicat.e degradatÍon and negative values indícat.e aggradation.
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sprilìg [ol,lorving consrrttc-l-i<ln avcrr-agcd 0.01r l-eclt:. Dtrrirrg tlrc: [,ir¡;t sqmmer

after construction a deposition of 0.05 ft. occurred ín the clítches; thus,

the net change one year after road eonstruction was 0.01 feet of deposited

ma Eerial.

Differences in mean elevatíon measurements give some indication that

dicch aggradation and degradatíon processes have occurred. However, these

daËa do not provide information pertaíning to the variabilíty of these

processes or how different road parameters affect these processes. In most

instances the standard deviatíon around the mean vras equal to or greater

than the mean value, indicatÍng a highly variable process.

The results of the analysis of variance tests índícated that road

centerline gradient, ditch gradient, distance from the beginnÍng c.ulvert,

cuÈ slope heíght and the interactions of distance * ditch gradíent and

distance * road centerline gradient T^rere usually highly signíficant

(a = 0.01) in explaining the variability in ditch elevation changes. How-

ever, the coeffícíent of determination \ras very low, usually less than

0.20, Thus, indicating a highly varíable process that is only partially

explained by the above variables.

Ditch gradient and road centerline gradient are directly correlated;

therefore, the analysis of varÍance tests were made using either variable,

but not both. Road centerline gradient which was easily obtaínable from

the road plan explained as much variance as the ditch gradient; therefore,

Ëhe results discussed will not include the ditch gradient variable.

D.rncanis mu1,tip1e range tests were made on the means of dítch eleva-

tion changes by cut slope height category and by road centerl.ine gradient

(fables 14 & 15). DaËa from the entire length of road wer:e used for rhese

tesËs. During spríng snowmelt ditch erosion \¡ras occurring below categories

)

L

(-:

(J



ê

G

e

'l 
'l

Table 14. Mean dltch elevation change by cut Slope height category and sarnpling
per.iod. Values above the same line are statistically siml-lar at
o = 0.05 uslng Duncants multiple range t,est.

Mean Elevatíon Chanse. fE.U
Cut Slope l{eight c^t"goryZl

086
1

0

052
2

-00.032
9

c

e

e

e

o

o

I

Sept. 1978-
June 1979

June 1979-
Oct. I979

Sept. I97B-
June 1979

0. 010
3

0.000
2

-0.030
9

-o.047
1

-o. t97
3

0. 039
1

0.002
9

-0.052
2

187
3

-0

Ll Negati.ve values indicate ditch aggradation and posi-tfve values indícate
degradation.

U CuÈ slope height category I = 0-10 ft., 2 = 10-20 ft., 3 = 20-30 ft., and
9 = no cut slope.
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Table 15. Mean ditch elevatÍon change by road centerline gradient and samplíng
period. Values above the same line are statistically símilar at
o = .0.05 using Duncanf s mulliple range t,est.

Mean Elevat.ion change, ft T/

e

e

e

e

Road Centerline Gradi-ent Category 3/

Sept.1978-
June 1979

June 1979-
Oct. 1979

Sept. I97B-
Oct. I979

o.t22
3

-0.007
3

0.047
2

-0.039
I

-0.017
I

-0.067
2

0.115
3

-0. 020
2

-0. 057
I

1/

u

NegatÍve values índicate dftch aggradation and posÍtive values índicate
degradation.

Road centerline gradlent category L = 0-3%, 2 = 3-6%, and 3 = 6-97".
o

o

e

e

e

(/



') ')

(-

c

e

(

t,

t:

('

1 and 3 cuL slopes. This erosíon \¡/as probably caused by ttre interception of

subsurface \.vater from the upslope areas. Typically the ditches have flowing

I^/ater for 3 to 4 weeks during the snowmelt period. Depositíon occtrrre<l ín

the ditch duríng the summer and early fall. The amount of aggradation

which íncreased with increasi-ng cut slope heights was probably produced by

slumping and dry ravelling of the cut slopes.

Ditch degradatíon increased with Í-ncreasing road gradient during the

first snovnnelt period. Ditches along the steeper roads (6-9'/") eroded 0,L22

feet. The steeper ditches (6-97") had net degradation afrer the first year

rrrhíle the ditches with lesser gradient had net aggradatíon for the same tíme

period

The interaction between cut slope height category, road gradient and

elevation change of the ditch is shown in Figure 12. Ditch degradation

only occurs in the steepest gradlenr caEegory, 6-g"tr, along tlrose portions

of the road wit.h small cut slopes. Aggradation occurs as a resulÈ of

contributions from the larger cut slopes. Apparently gradients of less

than 6% do not a11ow for sufficient flow velocitíes to erode the dÍtch.

Erosion occurs in these ditches, but cut slope deposition tends to be

slightly greater.

The dístance varíable r¿as included in the analysis on the assumptions

that longer dítches would carry more r^rater and that energy for erosion

increases with increasing distance. The effects of this parameter could

only be evaluated by selecting road segments with a relatively constant

downslopíng grade between cu.lverts. Tn the analysis oI variance, boLh the

distance variable and the distance t road gradient variable were highly

signlficant for time períods Sept. l97B to June 1979 and Sepr. 1978 to

Oct. 1979. During Èhe sumrner tíme períod the clistance Letîms \^rere not

(-
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ROAD GRADIENT (percent)

Figure 12. Ditch clevation change as related to cut slope height category and
road c¿'nterl ine gradient.
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sigrrificant. .In the summer the dj.tclrers; se.ldom carry large volumes of r¿ater.

ThÍs consíderatlon, plus the fact that dry ravelling may be loading the

ditches 1n the sunmer, indic.ate that dístance ís comparatÍvely l-ess í.mpor-

tant in summer than durl-rr, "rroo^.lt periods.

Figure L3 shows the relationship between ditch elevation changes and

the dlstance variable. In general, deposltion occurs in the flrst 100 feet

of ditch. However, as distance lncreases, dÍtch erosion occurs at increas-

l-ng rates. Data were limited beyond 300 feet; therefore, distances greater

than 300 feet were deleted from the analysis.
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Figure 13. The relationship between ditch elevation changes and distance bet\^¡eeri
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CALTBRATTON OF THE HORSE CREEK

I^IATERSHEDS

INTRODUCTION

Forest. Management acti"vities such as road constructíon and tímber

harvesting may cause changes in the hydrologíc response of a watershed.

Modífications of annual water yield, seasonal yields, the timíng of snow-

mel-t, streamflor^/ extremes, and storm runoff volumes may occur following

site disturbance. The objectíves of this portion of the study r^rere to calí-

brate the ten south facing subwatersheds in the Horse Creek and to determíne

if the.roads constructed in 1978 and 1979 aLtered the hydrology of Ëhe sub-

watersheds. If the roads do not sígnifícantly alter hydrologic character-

ístics, then.the post road data wí11 be included ín the calibrations for

evaluation of harvestíng which is scheduled for 19Bl and 1982.

Streamfloqr records have been maintained on these ten subwatersheds

.since 1975 and in a fer¿ ínstances ínclude 1974. Roads r¡rere constructed in

subwatersheds IB, 16, and B, in 1978. Subwatersheds 14, 12 and 10 were

roaded in the Summer of. L979. lwo design standards of road were constructed.

\^rith different stabilization and surfacÍng treaËments (tabte 16). Typícally

standard I roads disturb 7.6 acres/mile of road and standard 2, 5.1 acres/

míle of road.

METHODS

The rnajor change in stream flow expected from the addítion of roads to

a watershed was an increase in flow volumes. Prírnarily because of a re-

dt¡ction 1n stand volume with subsequent decrease ln evapotranspiration los-

ses, plus l"ncreased transmission rates of water through the watershed.
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Table 16. Characterístlcs of the Horse Creek roads co.nstructed
1n l97B and 1979.

o Sub¡¡at,ershed
Road

Standard
Road

Sur face
S lope

Treatment

e

o

18

16

T4

t2

10

I

I
I

II
I

II
II

Gravel

Gravel

Asphalt

Natlve Soll
Natíve Soil
Gravel

Seed and Hydrornulch

Seed and l{ydromulch

Seed, Straw Mulch with Asphalt Tack

None

Seed (fitts only)

Seed, Straw Mulch and Asphalt Tack
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Subsurface !^Iat€).r í-nt-erc:eptecl by r:oatl cr¡L- s lopcs, is tîanspor-tcd t-lrror.rg¡ t1r.

dltch system as surface flovr. surface waters from road surfaces and dílches
often drain dfrectly into stream channels, thus, affectíng the normal trans-
missíon processes on the watershed. The result of thÍs change is a decrease

in transmi-ssíon losses and more rapid stream flow response. Much of the water
moving Èhrough the ditch system is discharged below the road onto the forest
floor via relief culverts. Therefore, changes ín watershed response from

the presence of roads is related to the number of live stream crossings and

the length of díÈch contributíng to these crossings.

Flow duration curves \^iere determined for individual subwatersheds for each

\¡rater year of record usíng mean daily stream discharge (tt3/sec). The para_

meters selected for calibrations were peak flow (QPEAK), julian date of peak

flo\d (PEAKDAY) , minimum flow (QMIN), and annual \,üarer yíeld (yrELD) . The

intermedíate stream discharges selected frorn the flow duration curves r¡rere

flows whích r¡¡ere equalled or exceeded five percent of the time (Q5) , 25 per-
cent of the time (Q25) and 75 percent of rhe rine (Q75). The Q5 flows rypi-
cally represent the 18 days of highest flow whích occur during the snowmelt

season' The Q25 flor¿s represent the flows duríng the entire snowmelt season,

plus a few summer convectíve sËorms and Q75 represents relatively.low flows

which occur ín the late summer and fall. The subwatersheds responses to

indívídual raln events rdere not evaluat_ed

Calibratíon of the roaded watersheds was conducted ín the following
manner. Slmple llnear regressÍon teclìniques vrere t¡sed to develop equations

and associated statistics for QPEAK, PBAKDAY, QMIN, Q5, Q25 and Q75 from

each subwatershed (dependent variable ) as related to the control watershed

(Índependent variable). The regression equations were evaluated for sig-
nificance at o = 0.05. Confidence intervals (95%) were cal-culated for the
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s.ignif icarìt regressíons usíng the foJ,lc¡lving equation:

cL(95"/")

I^Ihere I CL(95%)

x
n

= i + â1(x-x) r r.os rr.. J*¡Htt

t
ß

X

i

sy

I

t

e

C

= 957" confidence limits
Þ mean of the observations for the treaEed watershed
= the slope regresslon coefficlent
= .the value of the varlable for conÈrol subwatershed 6

= the mean of the pre-road observatíons from control
subwatershed 6

= studentfs t for n-2 degrees of freedom

= the standard devíatíon of y for a fixed x
= the number of pre-roed observations
= the sums of squares of the pre-road observatíons

from control subwatershed 6
C

C

e

The regression equations, confídence limits and pre-road observations

were plotted for indívídua1 subwatersheds for each variable. post-road

observations r¡rere superimposed on the appropríate plot; values falting
wíthin the confidence bands índicate that roads did not signíficantly
affect that particular variable. A post-road observatíon falling outside

the confidence íntervals was considered as a signífícant change ín the

r¡atershed hydrology as reflected in that variable.

RESULTS

The coefficients of determinaLíon for the calfbration regressíons

(Table l7) indicate strong relationships between the control and other r^/acer-

sheds for the varíables of YTELD, Q5, Q25 and Q75. The variables QpEAK and

PEAKDAY are strongly correlated with the control subwatershed for subwater-

sheds 8, 10, 12 and 14. These four watersheds have mean elevations similar

L
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Tab-le 17. The coefficíents of determinaLion [or the calibratiou equaLiolls
of the Horse Creek subwatersheds, prior to road construction.

ê

Varlable SUBI{ATERSHBD

T2
e

8 10 T4 t6 18

e

e

QMIN

q7s

Q2s

Qs

QPEAK

PEAKDAY

YIELD

0.93

0. 94

0. 99

0.96

o.97

0.99

0. 98

o.zgx

0.99

0.99

0.99

0.97

0. 99

0. 99

0.63't

0.91

0.82

0 .99

0.37

0.64*
0.98

0 .89

0.96

0. 99

0.99

0.93

0.99

0.99

0.51*

o.96

0.96

0.99

0.9s

0.99

0.99

0.32*

0 .98

0.87

0 .98

0.53

0.37*
0.99

* Regression was not slgnificant at o = 0.05.
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Lo tlle cont t:ol. srrbwatr,rr:shed. Sr-¡bwatershc:ds l6 and lB ll¿rve mcan e levationsl

which are approxlrnately 450 feet hígher than the control ancl peak fl.ow

usually occurs 2 weeks later 1n the year. These differences partlally expi-ain

the low coefficients of determinatíon for the QPEAK and PEAKDAY regression

equations. The PEAKDAY regressions for these two subwatersheds hrere not

sÍgnificantatu=0.05.

High coeffícients of determination for QMIN occurred for the regressions

on subwatersheds B and 12 where st,ream records indicate several days of ap-

proxÍmately the same low stream díscharge. Selectíon of QMIN may be a

funct,ion of instrument accuracy and precísíon and not necessarily actual

watershed behavÍor. Consequently, regressions based only on the day of

lowest flow are of questionable usefulness.

The regression coefficíents and associated statístícs for each calibra-

tion are presented in Appendix 3.

The plots of pre-road calibraÈíons with post-road observations (Appendix 4)

indicate only a few signifícant differences due to the presence of roads. As

expected, the effects of Horse Creek roads on waÈershed hydrologic behavíor

were minirnal; prímaríly because a small percenÈage of the subwatersheds

(1.9 to 4.LiÐ was distúrbed by roads (faUletô). Significanr changes in

hydrologic behavior, attributable to roads, \^7ere not identified for sub-

watersheds 8, 14 and 16. Also, roads did not sígnificantly alter QPEAK,

PEAKDAY and QMIN for all of the drainages tested.

,Increases in YIELD, Q25 and Q5 occurred in subwatershed 12.1 ThÍs sub-

watershed had 3.9 percent of its area dísturbecl by roads. The road is

located at nid-slope where it can potentía1ly íntercept subsurface flow

from a relatively large upslope area. The resultfng íncreases above the

predícted values were 9,5% for high flows (Q5) durfng the peak period of

U
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Table 18. Road information for the ten south facing Horse Creek
' subwatersheds.

ín
s
u

Area
Road

e Subwatershed
Road

Standard

Road
Length

( mi.) d/(
Number of

Stream Crossíngs

RelÍef
Rat 1o

(ft/ft)

e

G

1B

t_6

L4

l2
10

8

I
I

ÏI
I

II
II

4.r
3.0

1.9

3.9

2.7

3.7

0.17

0. 18

0.23

o.22

o.25

0.22

T.T47

0.278

o.567

I .055

0.860

2.606

3

2

4

3

2

3

L/ Standard I and II roads disturb 7.6 and 5.1 acres per m11e of road,
respec t lvely.
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llre strorvmelt hydrographi 32.0% for Lhe snc¡wmelL period (Q25); and 16.3y"

for the h/ater year 1980 (yIELD).

Snowmelt fLows (a25J and the 751l exceedance flows increased by 14.67"

and 15.77., tespectively, on subwatershed 10. Annual r4/ater yield did not

increase for thís watershed, therefore these differences reflect a change

in watershed response to hydrologÍc events with subsequenË cha¡ge in the

shape of the flow duration curve. Subwatershed 10 contained a rnÍdslope

road capable of intereeptíng subsurface flor¡ frorn a large upslope contrib-
uting area. Also, a relief culvert in the watershed contributes \^/ater to

the stream from a seep in the cut slope. Transmissíon losses are probably

decreased and transmission rates íncreased. as a result of the road.

, subr,¡atershed 18, with 4.1 percent of it.s area in roads, exhibited a

decrease fn the 5% exceedance stream flows; the 18 days of highest stream

flow during snovrmelt. The decreases \¡rere very large, 48.B and 54.4% for
the water years 1979 and 1980, respectively. The road in thís subwatershed

Ís ín the upper one-fourth of the drainage; thus, subsurface flow inter-
ception by the road ísmuch less than in subwatersheds 10 and 12. Also 0.2

niles of the road is on the ridge between two subwatersheds and minimal sub-

surface runoff is íntercepted ln this section. The decreases in the Q5

flows reflect a narrowing of the snowmelt hydrograph wÍthout a cha¡ge in
peak f1ows. rn subwatershed B wíth a road density (3,7%) and location
(upper portion) similar to subwatershed 18, no sígnlficant changes in hydro-

logíc response occurred. Apparently road location in some cj-rcumstances suclr

as in drainages 10, 12 and 18 can have signlficant effect on stream flow

behavíor; whereas with subwatershed B no detectable changes were observed.
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CI{APTER 9

SI]I'II'ÍARY AND CONCLUSIONS

CUT AND FTLL SLOPE BROSION

Sheet and 1111 wash, dry raveling and slumping appeared to be the dom-

inant Processes by whfch sedíments were det.ached and transported from cut

and f111 slopes located on the Horse Creek road sections investigaÈed ln

thls study.

Sheet and rí11 erosí-on processes were dominant on fÍll slopes partíc-

ularly during and ímmediately followlng surnmer rainfall events; some slump-

ing was observed on these slopes durlng spring snowmelt. The high intensity,

short duration convective st.orms associated with the sunmer season produced

accelerat.ed erosion conditions on newly constructed unprotected fill slopes.

Slurnpíng of material r,¡íth subsequent downslope transport during spríng

snowmelt was the major contributor to cut slope erosion. Dry raveling

during sunmer months contributed to some cut bank erosion with surface ancl

rill wash on these slopes being the least important

Erosion \^tas greater on\ fill slopes compared to cuÈ banks the fírst sum-

mer after eonstruction. However, with subsequent summers, cut slope sediment

yields approached or exceeded fill slope erosíon. For example, first summer

ftll slope erosion on road 9704, statíons Gl-00 to 79+05, treatment l, was

estimated to be O.54 f;/trap where as cut slope erosion for that períod

hTas essenËially zero. Fi1l and cut slope yields for this sectíon of road

after the third summer of data eollection \¡rere 1.00 ft3, and I.3g ft3/trap,

respect.lvel'v. I^linter erosion r^ras comparatively greater on cut slopes.

Erosion Ëends !o increase wlth slope height on cut and fill slopes.

L"
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ÂcctrmulaLcd erosic¡n olì cuL slopcs wiLlr lreiglrL classes 2, 3 ancl 4 exceeded

yields from class I slopes by factors of 5.5r 7.5 and 10.0, respectlvely.

Height classes 2, 3 and 4 on fí11- slopes produced respectlve yields of 7.7,

17.5 and 19.5 tÍmes greater than class I sJ-opes for the same road section.

The fíll slopes began to stabllize af.ter the first su¡nmer. SedímenË

yíe1ds frc,rm these areas declíned steadily with tíme. Cut bank erosíon díd

not follow thfs trend. Second wint.er erosion on cut slopes hras greater

than first winter yields. Apparently cut bank stabílization on these roads

takes longer than the time period covered in this analysís. Subsequent

years of data analysis will most likely províde more lnsight into the degree

and time span of cut slope stabllízation.

Surface stabílízatlon efforts resulted in reduced erosion on the cut

and fill areas. For example, erosion from a class l, fill slope on road

9704 which had been treated v¡Íth hydroseed and mulch was 53:l less after.
the second summer than a nontreated class I slope. A large reductíon ln

loose soil transport.ed from the toe of fill slopes r^/as obtained by additíon

of filter windrows at the toe. Class I fill slopes rinprotected by windrows

produced L28O% more transported sedíments than símilar class 1 wíndrow

protected slopes. The difference r¡/as greater on class 2 slopes (6g2¡y")

unprotecEed areas.

CUT AND FILL SLOPE MODELING

Predfction equatfons were developed to estimate accumulated fll1 and

cut slope erosion as a function of time or precipitaËíon. The regressíon

model selected for use was of the form; t - ßo ",- ßtX + ß2.Q,nX + e. The

equatfons for ftll slope erosion appear to represent observed erosion trends.

However, only two years of record and a limited number of road segment data
C,
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were used ' Tlrerefore, c.aution is suggers t:ed on r-he interpreta[ion of results
obtaíned from extrapolation of t.ime periods and applicatíon to other roads.

Addítíonal- data wÍth subsequent refíníng o.f these equatí-ons are needed before
applicatlon can be recommended.

Regressíon techniques \¡/ere applied to cut slope data. However, a poor

"lack of fÍttrled to abandonment of developrnent of predictive equations.
Perhaps addltlonal periods of record will permit development of representa-
tíve predíctive equations for cut slope erosion on the Horse Creek roads.

Equations were also developed for predícting the rate of fill slope
erosion as a functíon of tÍme since trough installation. The regression
model used was o.f the form: .Q,n y = ßo + ßt .Q,nX + Ê. Similar cauti-on is
requested Ín the use of these equations.

Conparíson of the Horse Creek fill slope of erosion rate model wíth
the Bogus Basin fíll slope erosion rate model (Megahan, rg74), for a 704

day períod on a Horse Creek road, revealed that Ëhe equation developed for
the Bogus Basin predicts 42% Iess fill slope erosion than the Horse creek

model developed ín this study.

RILL AND GULLY EROSION

Rill surveys r/üere conducted on the entire lengËh of road to èstimate

fill slopè erosion volumes. For t\,ro years after road const.ruction fill
erosi-on a¡nounted to approximately 29r0o0 tons/mí2 wíth approximately 44

percent occurring the first sunmer, before fílls'were hydromulched.

The ri1l survey erosion estimates \^/ere considerabìy less than (.p-
proximateLy 45%) the estimates from the fill traps. This difference is
partfally caused by the lack of erosion volumes from slumps and the omit-
tance of sheet erosion or raj-ndrop splash erosion volumes in rill survey

(.t
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data.

The transport. dístance of fí1l rnaterial below rí1ls was quíte varlable.

In those situations where road runoff was díverted to the fills, large

rills developed which transported materíal downslope great dlstances. Once

these drainage patterns were establÍshed, fiLl slope height and the slope

of the forest floor determined subsequent downslope transport. On the

average' approximately 737. of the eroded fill materíal Ís deposíted on the

forest floor wlthin 50 feet of rhe toe of the fill.

The use of filËer windrows to prevent fill materíal from leaving the

slope htas very effectíve for the two years following construction. The

average Ëransport distance bel-ow windrows was less than four feet. Typi-

.cally, material did not move readíly throuþrr tne windrows. Duríng the

spring when snow cover r^7as present on the windrows, eroded material was

transported over the snow covered windrows. The establishment of windrows

appear to be an effective method for protecting streams from contributions

of sediment from fill slopes.

DITCH EROSION

Dítch elevat,ion changes for the first year after constructíon of road

9704 were highly variable. Typically, degradatíon of the ditch occurred

during snowmelÈ wÍth aggradation oceurríng during the summer. The mean

change over the fírst year r¡ras an increase ín elevation of 0.01 feet, in-
dicatíng net deposition.

The variables of road. gradíent and distance of travel were significant-

ly positíve1y correlated with ditch degradatlon. Cut slope height was sig-

nlficantly and positively correlated wÍth aggradatíon. On-site measurements

of cut slope erosÍon have shown a dl-rect relationship between the volume of

(

t
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material delivered to the ditch and s]_ope height.

Ditch erosíon for road 9704 increased rapÍdly as slope íncreased above

approxíma teLy 67"; if cut slopes were less than 10 feet high. cut slopes

with heÍghts greaÈer than 10 feet deposÍted more material Ín the dítch than

that lost to ditch degradation.

During the winter and spring when ditch degradation was occurring,

cut slope erosion amounted to 2768 ft3 for the entire road. Ditch degrada-

tlon during this same period was 0.04 ft. .Assuming the degradation occurred

over a 6 inch width, Èhis would equate to 148 ft3 fo. the road. In comparíson,

ditch erosíon during snornrmelt ís approximately 5% of cut slope erosion.

FLOI{I DURATION AND ROADS

Increases ín snorn¡melt flows (Q25) were exhibited ín subwatersheds I0

and L2 where roads had comparatívely large contributing areas of surface

f1ow. Roads located in the upper portion of a drainage either produced

no change in flow characteristics (subwatershed B) or caused a decrease in

the 57. exceedance flows (subwatershed 18). Peakflow and timing of peak-

flow^remained unchanged by the íntroduc.tÍon of roads on all of the sub-

watersheds tested. Signifícant changes ín annual stream yields v¡ere detect-

ed only in subwatershed 12.
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ìtc

Cumulative
erosion

8-17-78 to
7-19-80

Fi¡st
summer

Fi¡st

Second
summet

Second
winte¡

Third
summef

t.

Station
Gr00 to 79+05
Road typer A

0.01

0.24

0.0s

0.18

0.69

0.5s

0.1 I
0.02
0.40

,. 
)

APPENDIX 1

Average fill slope erosion (ft3/trough) and associated statistics

Height
class

o.4t'l
4.688
2.666

tI.472

0.038 1
(0.04 x 10-3)
0.802 2

(0.001)
0.1s2 3

(0.02 x 1O-'?)
0.020 4

(0.02 x 10'3)

0.210
(0.0014)
L.594

(0.0104)
1.561

(0.101s)
0.180

(0.00111

I t

Height'?
class n x

St¿tion
0+00 to 79+05

Road type B
Height2
class n x- 52

1.3 8
3.5 1
2.0r

5.28
8.11

0.10
0.05

5.70
0.60

Height'?
cl¿ss

Station
79+05 to 729+37

Road type C

Station
129+37 to 194+00

Road type D
Height
class n x S2

Station
194+00 to 238+70
Road type E

nîs2nis2
I
2
J

I
2

1
2
J
4

15
29
30I

s2

0.0005

0.1600

0.07

0.3 3

I 6 0.39 i0.02 4 1.40 29.33 1 8.46

1
2
J
4

1 10

24
JJ

42

10 0.664 2.693 3.002 6.00

1 0.230
3 0.9904 r.690
3 2.430

0.869
3.098
0.863

s 1.14 4.98
(0.248)3 (0.236)

3 r.82 r.67
(0.396) (0.079)

I 0.54

5

9

0

5 0.004

9 0.008

0-

6 0.05
(0.003)

4 0.50

0.10
(0.0002)
87.0

0.221
(0.038)
0.880

(0.802)
0.850

(0.1s2)
1.200

(0.020)

10 0.380
(0.210)

4 1.720
(1.s94)

3 2.140
(r.561)

2 2.800
r0.180)

0.100
(0.087)
0:048

(0.04r)
0.003

(0.002)
0.025

(0.018)

0.050
(0.002)
0.400

(0.014)
L.020

(0.037)
I.130

(0.040)

0.080
(0.006)
0-530

(0.042)
0.660

(0.0s4)
L270

r0.103)

ND

ND

0.010
(0.008)
0.25 x 10+

(0.02 x 10-3 i
0.07 x 10-'

(0.54 x 10-r ;

0.1s6
(0.0002)
1.028

(0.0013)
0.023

(0.03 x 1û-'r

0.199
(0.0013)
0.55s

(0.0036)
0.773

.00s1)

0.000

0.004

0.000

0.050

I
)

3

4

1

2

J

4

1

)

J

6 0.29 8.0
(0.07s) (o.ss)

4 0.58 14.0
(0.173) (0.99)

1 3.01
(0.792)

10 0.060 0.00s
(0.0s0) (0.004)

4 0.092 0.013
(0.080) (0.010)

3 0.003 0.03 x 10-3
(0.0031X0.03 x 10-3)

2 2.005 7.960
(r.744) (6.017)

1

J

4

3

a

J

I
2

3

1

2

J

5

3

1

1

2

3

1

2

J

0.0s00
0.0001

0.010
0.010

0.00
0.00

(0.019) (0.128)
I 3.25

(0.125)

6 0.05 1.0
(0.004) (0.003)

4 0.32 3s.0
(0.026) (0.230)

1 2.20
(0.178)

ND4

ND

5

9

0

0.006

0.009

0.030

0.027

0.080

0.060

1

3

4

J

1

J

4

3

152930
1529
30

1

2

J

s

3

I

I

2

3

1

')

3

4

I
2

3

4

I)
3

I
2
J

5
3
1

1

0.15
0.s9
1.00

0.079
0.134

0.076 17.10
0.017 0.0s

ND

ND

' 3ou4 type 4 = roc! *ith oil pavement, t¡eatment I (hydroseed with mulch).
Road type I = ¡ock sith oil pavement, treatment I (hydroseed w"ith mulch, wind¡ow protected tmps).
Road type Ç = aspiralt road surface, trcatment 4 (hydroseed with straw aspÉalt tack).
Road type p = nadve material with oil road surface, treatment 4 (control)'.

- Eol4 type E = nrd'. e material with oil surface, teatment 3 (hydròseed only).2 Height class 4 not i¡;luded.
I Dqt" also unitized by ft3/trough/inch precipitation for the period.4 ND = no d¿ta av¡ilàble at time of analisis. '
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Cumulative
erosion

First

sumtn¿rz.

Fi$t
winte¡

Second
summer

Second
winter

Station
0+00 to 79+05
Road typer A

Station
79.05 to 129+37

Road type C
Height
class n x 52

Station
129+37 to 185+10

Road type D
Height
class n x S2

Station
185+10 to 238+70

Road type E
Height
class n x

5 0.54

2 0.44

1 3.4s

0-

Ioí)n

APPENDIX 2

Average cut slope erosion (ft3/trough) and associated statistics

Station
L29+37 to 238+70

Summary of road type D&E
Heieht

"l,ris n i 52
Height

class nx s2

0.94

52.79

0.19

24.00

1

)

3

4

1

2

3

4

4

4

1

0

I
2

J

4

I
2

3

4

1

2

3

4

1

2

J

4

1

)

5

4

4

4

1

0

1

2

J

4

1

2

J

4

1

)

J

4

T4
24
31
40

t4

0.81

6.96

5.81

0

0.04

0

0.14

1.75

0.28

0.01

1.22

1.39

0.37

3.34

0.28

0.01

1'.r)

1.39

s2

0.039

0.0005

6 0.60

5 2.042

I 8.330

210.48

0.0543

3.7512

29.7391

0.162

4 0.03
(0.0031),

4 0.07
(0.0089)

0-
0

0.16

2.23

0.04
(0.00s)
0.61

(0.080)

ND3

ND

0.04

5.43

0.01
(0.05 x 10-l)
0.39

(0.701 x 1O-'?)

1 0.91

3 3.I9

7 9.66

2 10.48

1 0.01
(0.003)

3 0.i3
(0.142)

7 0.61
(0.309)

2 0.94
(0.298)

0.49
(0.00s)
0.774

(0.142\
t.428

r0.145)

0

0.01

0.02

3.09

0.07 x 10-3

2.32

0.02

3.09

4

4

0

0

2.s73

30.079

0.162

1

)

3

4

1

)

3

4

1

2

J

4

1

)

J

4

.04 x

.01

.08 x

.0020
(0
0I

10-3

10*

5 0.07 0.003
(0.024) (0.0003)

2 0.0s 0.0018
(0.016) (0.0002)

t 0.27
(0.086)

0-!

5 0.41 0.011
(0.014) (0.01 x 10-3)

2 0.32 0.0001
(0.012) (0.07 x 10-s)

| 2.64
(0.094)

0

5 0.06 0.0074
(0.006) (0.0001)

2 0.06 0.0002
(0.006) (0.2 x 10-3)

I 0.54
(0.0s4)

0-

ND

ND

0.063 0.315 x 1.0-3
(0.0201) (0.032 x 10-'?)
0.f0 0.2725xtj-l
(0.032) (0.276 x l}-'z)
0.s68 0.67742
(0.180) (0.6858 x 10-1)
094 t.428

(0.298) (0.145)

6

5

I
2

6

5

I
)

6

5

8

I

t4
24
30
40

t4
24
30
40

0.09 0.01
(0.0031) (0.02 x 10-3)1.36 2.02
(0.0486) (0.255 x 1O-'z)

11
23
)t

42

i
2

J

4

0.89

2.30

5.7 8

4.72

1.855.

29.r0r

14.742

0.487
(0.017)
L.5t2

(0.0s)
5.388

(0.190)
4.72

(0.188)

0.048
(0.00s)
0.474

(0.047)
2.41

(0.24r)
4.805
(0.480)

0.4819 r 10-¡

742

(0
2

(0
26
(0
14

.05 x 10-3 )

.10177

.273 x l1-'1)

.L7594

.2671 x l0-1 )

(0.1217:;.10-1 )

0.63 x 10-:
(0.063 x i0-3)
0.48253

(0.4825 x 1O-'?)
2.7958
0.2796 s l0-'
5.024

(0.5024 x l0-')

24
11.{r 3 I

40

1 0.01 :-
(0.001)

3 0.75 0.679
(0.07s) (0.007)

7 2.669 2.s99
(0.267) (0.026)

2 4.80s 5.024
(0.480) (0.0s0)

ND

ND

Thkd

4

4

I

0

4

4

I

0

I

2

J

4

I

2

J

4

ND

ND

summef

\
-\

t Road t)'pe - same as Appendir l.
I Data elsõ unitized by ft3/t¡oueh/inch precipitation for the period.
' ND = no data available at time of analysis.
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Regression Coefficients and Other Statistical

Information For the Ca] ibrati r>n o I tllc

Roaded Horse Creek Subwatersheds
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Âppcntlix 3

Rcgression coeflìcients and statistical information lor the calibration of the l-l<lrse Creck subwatcrsheds
based on the julian clatc ol rnaxirnunl strcatn dischargc (PEAKDAY)

Subwatershed N Y ô" xtßt 5z sS*'

4
5

5

5

5

5

C
8

l0
l2
t4
l6*
lg*

1.015
1.001
l.0l I
I .015
0.423
0.743

t22.so
123.00
123.00
t23.50
t23.60
t23.60

0.385
0.516
0.567
0.348

t4.374
14.48r,1

2050.9
2055.9
2056.0
20-s6.0
2075.2
2075.0

122.15
123.20
123.40
123.20
t41.20
14s.40

-t.572
0.080

-0.916
-1.595
88942
s3.570

f-

Regression coefficients and statistical information for the calibration of the Horse Creek subwatershecls
based on maximum stream discharge, ft3 /sec (QPEAK).

Subwatershed N Y p I
I

s2 SS*
(-

(.

8

l0
l2
t4
16

l8

-0.303
-0.607
-1.962
-t.172
-0.052
1.125

1.352
0.8 t0
1.315
0.978
0.298
0.586

4.793
4.632
4.632
4.632
4.687
4.688

0.5.5 t

0.267
0.71 :
0.447
0.564
1.532

I t .787
I 2.303
I 2.303
t2302
12.001
12.007

4
5

5

5

5

5

6,178
3.144
4.128
3.360
t.344
3.814

Regression coeflicients and statistical information for the calibration ol the llorse Creek subwatersheds
based on the stream discharge, ft3/sec, eclualled or exceedecl five percent ofthe tinre (Q5).

ßSubwatershed N Y po xr 5z SS* 3

)

8

l0
l2
t4
16

l8

3.210
1.4s6
1.953
1.7t3
o.745
2.647

t.508
0.6s7
0.940
0.736
0.338
1.103

2.206
2.126
2.126
2,126
2,206
2.206

3.741
3.871
3.87 t

3.87 I
3.740
3.74t

4
5

5

5

4
4

-0.1 l8
0.06 r

-0.046
0.149
0.000
0.214

0.400
0.070
0.042
0.075
0.064
0.013L

I

3

*=

Independent variablc <-lbscrvations are froln the control subwatershed 6
S = standard deviation of Y holding X constant
SS, = sunrs of squares ol(X-X)
Not signifìcant at o =.05.
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Appcrrdix 3 (cont.)

Rcgrcssion cocffìcicnts and slatistical infornlatiort lor llrc calibratiorr oi thc llorsc (-'rcck subwatershcds
based on the stream discharge, ft3 /sec, equalled or exceeded 25 pcrcent ol thc tirne (OZS¡.

Subwatershed N Y ôo
3

xSSp xt gz

4
5

5

5

4
4

C

8

t0
t2
t4
16

lg *

0.868
0.309
0A23
0.322
0.1s5
0.735

0.07s
0.013
0.000

-0.049
0.010
0.362

1.435
0.581
0.831
0.729
0.262
0.674

0.553
0.509
0.50e
0.509
0.5s2
0.5 53

0.050
0.0t2
0.03 r

0.05 t

0.04t
0.t25

o.314
0.3s3
0.353
0.3 53

0.3 l4
0.3 r4

('

)

)

Regression coelfìcients and statistical infonnation for the calibration of the llorsc Crcek subwatersheds
based on the stream discharge, ft3/sec, equalled or exceeded 75 percent of the time (Q75).

Subwatershed N Y Po 0t s2 ss*11 3

)c
8

10

l2
t4
l6
l8

-0.029
-0.015
-0.012
-0.057
-0.02r
-0.015

1.641
0.586
0.88s
0.7 l9
0.278
1.338

0.225
0.201
0.201
0.207
0.22s
0.225

o.022
0.028
0.028
0.02rì
4.022
0.022

4
5

5

5

4
4

0.340
0.1 06
0.172
o.092
0.042
0.317

0.042
0.004
0.0r6
0.013
0.009
0.045

(

Regression coeffìcients and statistical inforrnation for the calibration of the Horse Creek subwatersheds
basecl on minimum stream discharge, ft3 /sec, (QMIN).

Subwatershed N Y xtßô" 5z ss"
(-

I

I

I
I

)

4
5

5

5

4
4

8

l0*
12
14*
16*
lg *

0.194
0.052
0.t04
0.040
0.022
0.245

-0.052
0.01I
o.o24

-0.007
-0.0 t 2
-0.103

2.115
0,31t
0.7t4
0.42t
0.290
2.987

0.r l6
0.n2
0.1t2
0.1 l2
0.1l6
0.r l6

0.002
0.002
0.002
0.002
0.001
0.002

0.01 5
0.0r 5

0.00(r
0.010
0.01 2
0.06 rt

I Indepcndent variable obscrvations are lronr the control subwatcrshetl 62 S = standard deviation of Y holcling X constantt SS* = sums of squares oi (X-X)
* = Not signilìcant at q = .05.

L,

(j

L



a

e

Appendix 3 (cont.)

Regression coeffìcients and statistical information for the calibration of the llorse Creek subwatcrshcds
based on annual water yield, the surn of cfs-days (YIELD).

Subwatershed N Y ^p̂; o, f;'l 5: SS* 3

G
8

l0
t2
t4
t6
t8

2t7.18
202.O5
202.03
202.04
2t7.t8
217.18

4
5

5

5

4
4

317.34
127.30
172.91
l33.fl2
57.O3

266.34

t.579
-5 .l 86

-10.61 5

-12.578
-3.782
31.849

1.454
0.6s6
0,908
0.725
0.280
1.080

18.786
3.512
6.7s4
s.400
0.529

15.205

234t7.1
27997.9
28001 .8
2rì003.9
234t9.4
234t7.2

I

)

)

)

c

)c

c

C

I Independent variable observations are lrom the control subwatershed 6.2 S = standard cleviation of Y holding X constant.t SS" = sums of squares oi (X-X).
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APPENDIX 4

The Pre-road Horse Creek Subwatershed

Calibratíon Equations, 95%

Confídence Limits, and Observed Vá1ues

* = Pre-road Observations
0 = Post-road Observatíons
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