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: INTRODUCTION
The potential impacts that land use activities can have on
water and soil resources have produced the recent impetus
toward more definitive evaluation of the effects of forest man-
ggement activities on forested headwater streams. Silviculture
acti;’ such as harvesting, site preparation, regeneration,
and ated road construction can produce changes in
str::‘ﬁ.. ~w yield and regimen. Therefore predictability of the
magnitude of these changes, as related to silviculture activities,
is prerequisite to selection of management alternatives which
maintain acceptable levels of streamflow Integrity.
" Roads are an integral part of silvicultural systems: howevery
the impacts of roads on stream hydrology need to be separi
tted from other activities. Establishment of a road network ir'i;
2 watershed may affect stream hydrology in several ways. Thé‘i
‘0ad surface has a low permeability, which is conducive to!
feneration of overland flow. Ditch systems and relief culverts,
‘oncentrate surface runoff and alter the natural surface flow!
saths. Road location and height of the cut slopes will partially;
nfluence the amount of subsurface water intercepted at Ihe:
©ad and routed through the ditch system. The combined ef;‘f
£Cts of roads could significantly affect Jocal streamflow quan:
1ty and regimen. Streams, following road construction, may
espond faster and have larger peak flows during snowmelt or
4n events. Modifications of the flow quantities and regimen
lue to royds may subsequently be reflected in changes in
;ream channel characteristics and sediment transport capacis
A majority of the ‘studies investigating the hydrologic im-
4Cts of roads on forested headwater streams in the western
‘Mited States have been on larger watersheds and, in most
)staqceS, have evaluated the combined effects of road con- *
ruction ang timber harvesting. In the H. J. Andrews Experi-
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entg st of western Oregon, streamflow was monitored
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Effects of logging access roads on seven streamfiow variables were monitored on six forested headwa-
ter watersheds in north central Idaho. The streamflow

of maximum streamflow, annual minimum streamflow
exceeded 5% of the year, 25% of the year, and 75%
of their area in roads. Two statistically significant (x = 0.05) changes
toccurred following road construction: an increase in the 25% exceedance flows in one watershe

exceedance flows in another watershed. No significant changes were detected in other

results indicate that the hydrologic behavior-of small=
. forested watersheds may be altered when only.a small area is disturbed by roadss
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variables were annual maximum streamflow, date
v, annual water yield, and streamflow equaled or
of the year. The watersheds, ranging in area from
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on a 10I-ha watershed for 4 years following construction of
roads which occupied 8% of the watershed area. Rothacher
[19707 did not detect any significant increases in annual yield
due to the roads. Also, no significant increases in mean peak
flows occurred following road construction on this watershed
[Rothacher, 1973].

Harr et al. [1975] evaluated storm fow response to road
construction in four watersheds in western Oregon ranging in
size from 40 to 304 ha. Significant increases in mean peak
flows were observed in both the fall and the winter periods on
a watershed with 12% of its area in roads. The other three
watersheds, with 3-5%, of their area in roads, showed no sta-
tistical increase in mean peak flows. Harr et al. [1979] report-
ed significant increases in the average peak flows after road
building in a 60-ha Coyote Creek watershed in western
Oregon. Approximately 15% of this watershed was occupied
by roads and skid trails. In analyzing results from watershed
studies in Oregon, Harr [1976] states that both harvesting
and road construction may increase small peak flows; how-
ever, large peak flows appeared to be increased only when
greater than 12% of the area was severely compacted (roads,
skid trails, landings, etc.).

Ziemer [1981] reported that the presence of roads, occupy-
ing 5% of a 424-ha Casper Creek watershed in northern Cali-
fornia. did not alter any of the seven storm flow parameters he
evaluated, including peak discharge. These results were not
unexpected because of the small area in roads.

Although the results from past studies are variable, Qo or-
very small increases in water yield occurred if less than 8% of
the area was in roads. Average peak. flows may be significantly
increased, but large peak flows were not mcreased until about.
12% of the area was either in roads or a combination of roads

cand other severely compacted sites. All these studies were lo-%\’g
cated in areas where precipitation is dominated by rain. In
snowfall-dominated areas the magnitudes and types of hydro-
logic alteration may be quite different, *

In 1965 the Horse Creek Administrative Research Project
was initiated by the U.S. Department of Agriculture Forest

Service. Major objectives of the Horse Creek project are (1) to
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Fig. I Location of the Horse Creek Administrative Research Area and the seven monitored subwatersheds which were included in this study.
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evaluate the effects of a specifically designed timber harvest on
soil and water and (2) to evaluate alternative road construc-
tion, stabilization, and maintenance procedures on these same
resources. This study was designed to investigate the impacts
of preharvest road construction on the low characteristics of
selected streams within the Horse Creek drainage.

AREA DESCRIPTION

The Horse Creek Administrative Research Project is lo-
cated in the Nezperce National Forest of north central Idaho,
57 km east of Grangeville, Idahc (Figure 1). The $i7e of the
watersheds ranges from 28 to 148 ha~Elevations range {rom
1292 to 1803 m, and the median-side slgpe is"31%; although
slopes frequentlyexceed  65%. Channel gradients average
17.5% in the headwaters and 7.5% in the lower portion of the
watersheds. The watersheds are completely timber covered
with a mixture of conifers, predominately grand fir (Abies
grandis (Dougl.) Forbes).

The area is located on the border of the Idaho Batholith, a
large igneous intrusion. Parent material is part of the Belt
Super Group (E. H. Bennett, unpublished data, 1974), com-
posed of sedimentary and metasedimentary rock of primarily
gneissic material [Greenwood and Morrison, 1973]. The deeply
weathered regolith is composed of well-drained sandy loam to
loam soils. Loessal silt is present in the surface layers of the
soil.

The climate is affected by modified marine air masses from
the Pacific Ocean. The average annual precipitation is 107 c¢m,
with about 70% occurring as snowfall. Summer rains are con-
vective storms of high intensity and relatively short duration.
About 40-30% of the precipitation appears as streamflow.
Annual peak flows, which typically occur during spring snow-
melt, range from 0.03 to 0.23 m?/s for these small watersheds.

In the summer of 1978 a total of 6.5 km of logging access
roads were constructed on watersheds 8,16, and 18. A total of
39 km of roads were constructed on watersheds 10, 12, and 14
during the summer of 1979.

METHODS OF ANALYSIS

Daily discharge data were collected at the mouths of the
Watersheds using H-type flumes with 5-foot deep cutoff walls
upstream. Comparison of measured annual streamflow and
precipitation with regional maps of streamflow and evapo-
transpiration indicates that losses via underflow are negligible.
Water years 1975-1980, which included pre- and post-road
flow periods for watersheds 8, 10, 12, 14, 16, 18 and the con-
trol watershed 6 (no roads), were used to evaluate the influ-
ence of roads on streamfiow. Harvesting began on the water-
sheds with roads 2 years after construction: therefore analyses
ofroad effects on streamflow were limited to this time period.

Least Squares regression models of the form Yi=fo+ B, X,
+ were used to develop pre-road calibration equations and
associated statistics for certain flow parameters on watersheds
810, 12, 14, 16, and 18 as related to the same flow parameter
;’” control watershed 6. Regression equations were evaluated
S‘:’ Significance at the « = 0.05 level using the standard F-

AUstic test. Prediction intervals were calculated about the
Predicted valyes at the x = 0.05 level [Stee! and Torrie, 1960].
Post-road observation falling outside the prediction limits
S considered a significant change in the flow regimen of a
tershed as reflected in that particular variable.

Annual fioy variables selected for analysis were peak flow
me)- Julian date of peak flow (PEAKDAY), minimum flow
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(Qmin)- water vield (YIELD), and flows equaled or exceeded
5% of the time (Qs). 25% of the time (Q,5), and 75% of the
time (Q-5). The Q; flows represent the 18 days of highest flow,
typically occurring during snowmelt runoff. The Q0,5 flows
represent the snowmelt runoff season plus a few summer con-
vective storms. and Q- represents low flows which normally
occur in the late summer and fall seasons. P
Several watershed and road indicators were developed tot‘g

assist in evaluating those watersheds that were significantly {

affected by the presence of roads. These indicators included {
road length, area of watershed in roads, contributing area ofjé
watershed above roads, number of stream crossings, and per- |
centage of cut slopes with vertical height greater than 6 m.
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RESULTS AND Discussion

Regression equations were developed for the flow parame-
ters of watersheds 8. 10, 12, 14, 16, and 18 with the control
watershed 6 prior to road construction. The number of years
of daily flow records was limited to 4 or 5, depending on the
watershed. However, this period of record provided sufficient
data for development of significant equations for the flow pa-
rameters selected in this study. Thirty-three of the 42 equa-
tions were significant at o = 0.05 with r* > 0.90. These signifi-
cant equations were used for post-road comparisons. The
annual yields for control watershed 6 ranged from 234 to 721
mm, with an average of 517 mm during the calibration period.
For water years 1979 and 1980, following road building on the
other watersheds, the annual yields for this watershed were
334 and 342 mm, respectively. These flows are below the
average yield and represent return periods of approximately
1.5 years based on 13 years of record from the Main Fork of
Horse Creek. The magnitudes and significance of changes in
the flow duration parameters are shown in Table 1.

The area of the Horse Creek watersheds disturbed by roads
ranged from 1.8 to 4.3% (Table 2). Flow parameters in water?
sheds 8, 10, 14, and 16, which had road disturbances of 3.7%;.

changed during the study period. However, analysis of pre-’
road calibration plots, with associated prediction intervals and
post-road observations, revealed significant changes in stream-
flow variables after road construction on watersheds 12 and
18, where road disturbances were 3.9% and 4.3%, respectively.
The flow parameters Qpeae PEAKDAY, Q,..., YIELD, and
Q-5 were not significantly altered on any of the roaded drain-
ages.

A significant increase in Q55 flows occurred in watershed 12.
after road construction. Flow during the snowmelt period
{Q25) was 30.5% greater than that predicted, representing an
increase in Row of 0.0029 m?/s. The road in watershed 12 is
located approximately midslope with a potential for intercept-
ing subsurface flow {rom a comparatively large upslope ton-
tributing area; 54.2 ha (Table 2), which is 67% of the water-
shed area. Additionally, 61% of the length of the road has cut
slopes greater than 6 m in vertical height. These.two: con-
ditions favor the interception of subsurface flow. The most
probable explanation for the significant increase of 30.5% in
Q.5 flows is that subsurface flow intercepted at the road cuts
is now being diverted to the stream as surface flow with a
comparatively shorter lag time. We observed that along one
large cut slope. interception of subsurface flow is especially
noticeable. as evidenced by long periods of fow in the ditches.

While subsurface flow magnitudes and flow paths may be
highly variable between watersheds. the interception of sub-

2.6%,-1.8%. and 3.0%, respectively, were not signiﬁcamly:(
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TABLE 1. The Diflference Between Predicted and Observed Streamflow Parameters for the Horse Creek Watersheds With Roadg
Streamflow Variables
PEAK- PEAK-
Water- YIELD, YIELD. DAY, DAY, Opear. Qpear, Qs Qs Qs Qas, Q-5 Q-5 Qi 0
shed mm Yo Day %% m>/s o m?/s % m?>/s o mi/s % mis o
Water Year 1980
18 +22.8 +4.3 +0.007 +126 —0.009 —192% +0.0006 493
16 -9.2 ~3.0 +0.003 +227 —0003 —250 +0.0000 +4.5
14 +16.9 +4.7 0 0 +0.005 4137 —-0003 —~86 400015 +220 +0.0001  +7.5
12 +56.5 +16.3 0 0 +0.024 4562 40003 495  +0.0029 +30.5* +0.0001 433 —~0.0020 -7
10 +7.9 +23 0 -1 +0002  +53 —0001 —58 400005 +68 +0.0003 +14.7 ’
8 +20.0 +58 0 0 +0010 +11.1 40002 +36 +00013 +70 +0.0007 +108 —0.0006 ~14
Water Year 1979
18 —-20.7 —4.0 —0004 -46 —0018 —294* _00040 -—244 +0.0008 +16.7
16 -59 -1.9 —0.005 —19.5 —0.004 —207 —0.0009 —340 400004 +824
8 +29.8 +8.7 0 0 +0.010  +6.7 40006 +83 400003 +22 +0.001T +199 +0.0096 467

*Significant at & = 0.05.

surface flow at roads is an important hydrologic process. In
the Intermountain West, most of the precipitation occurs as
snowfall, and spring snowmelt generates the annual hydro-
graph peak. During this peak the soil mantle is saturated, and
subsurface flow rates are high.

The interception of subsurface flow at road cuts during
snowmelt, as reported in past studies, emphasizes the potential
hydrologic alteration due to the presence of roads. Burroughs
et al. [1971] measured subsurface flow interception along cut
slopes on forest roads in northern Idaho. Cut slope heights
averaged 0.9 m, and depths to bedrock ranged from 4.3 to 13.7
m. During a 5-day period in the middle of the snowmelt
season, daily subsurface flow volumes averaged 11.7 m3/m of
road. The peak discharge over that period was 0.008 m3/s
from 30.5 m of road. In the Idaho Batholith, Megahan [1972]
measured subsurface flow intercepted at roads below 1.3 ha of
contributing area. Subsurface flow occurred only during snow-
melt and large rain events. Volumes of intercepted flow were
estimated to be 7.3 times greater than the estimated surface
runoff’ from these roads. The maximum daily volume mea-
sured was 1.06 m>/m of road.

Watershed 18, with 4.3% of its area in roads, exhibited a
significant” decrease in the}Sv“/ofexééedance' flow, which repre-
sents the 18-day period of highe 1t snowmelf flows. Decreases
u Qs flows for water years 1979 and 1980 were 29.4% and
19.2% (Table 1), respectively.

Alteration of the hydrologic behavior of watershed 18 was

not expected, because the roadsvare located: on' the upper,-

slopes ofvithed,watetshe‘g“yyi‘t‘h only-24%:of the area=(19.7 ha)
above the road.. Also, less than 1% of the cut slopes were
higher than 6 m. However, this watershed had the largest
percentage of its area in roads. Watershed 8 is similar to
watershed 18 in many respects, but similar changes in the Qg

flows were not detected. Watershed 8 has 3.7% of jts area ip
roads and a 24.6-ha contributing area to the ditch system. The
5% exceedance flows following road building were not re.
duced in this watershed as in watershed 18. W. F. Megah4r:
(personal communication, 1981) hypothesizes that the modiﬁ-§
cations in hydrologic responses caused by roads may be reflec-|
ted as either increases or decreases in the flow duration pa-%
rameters. Alteration of the natural synchronization of subsur- .
face and surface water from the different units of the water- |
shed could cause either increases or decreases in flow for se-;‘
lected time periods.

CONCLUSIONS

Hydrologic responses to road building in six small headwa-
ter watersheds were highly variable. Actual changes in flow
parameters YIELD, PEAKDAY, Qpearr s, O35, 045, and 0,
could not be detected on watersheds 8, 10, 14, and 16 after
road construction. Similar results occurred on watersheds 12
and 18 with the exception of Q25 flows and Q. flows, respec-
tively, which were significantly altered after road construction.

The location of the road in the drainage and the design of
the road will affect the magnitude of any hydrologic modif-
cation. In areas conducive to subsurface flow where the land is
sloping, surface soil is permeable, a water-impeding layer is
near the surface, and the soil is saturated [ W hipkey, 1965], thew
amount of subsurface flow intercepted along road cuts will
typically increase with increasing upslope contribution, de-
pending on the degree to which the road cuts intersect the
water-impeding layer. A significant increase in streamflow
during the snowmelt hydrograph occurred in watershed 12
which has a large contributing area and a road with relatively

high cut slopes. S

Subsurface flow paths and the timing of subsurface contr:

TABLE 2. Wautershed Characteristics and Associated Road Information for the Horse Creek
Drainages
Road Total Area in Contributing Area Number of
Subwatershed Length, km Area, ha Roads, % Above Road, ha Stream Crossings
18 1.835 86.2 43 19.7 3
16 0.445 28.3 30 16.8 2
14 0.907 623 1.8 36.6 4
12 1.608 83.8 39 54.2 3
10 1.376 65.2 2.6 43.4 2
8 4.170 147.7 3.7 24.6 3
6 0.000 103.6 0.0 0.0 0
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putions to streamflow are usually not well known for most
te,—sheds The location of the road and its effects on
«nchronizing the subsurface flow to streams result in highly
ble effects between watersheds. Increases in the 25% ex-
edance flows and reductions in the 5% exceedance flows
“ere found on watersheds 12 and 18, respectlvely Prevxous
qudies have indicated that streamflow is not altered if less
than 8% of the watershed area is in roads and skid trails.
Results of this study indicate that the impacts on streamflow
iy small headwater watersheds with 1.8—4.3% of the area m
roads are highly variable but in general agreement with past

findings. =
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