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INTRODUCTICN

The science of hydrology, though young, is rapidly
increasing in importance as demands on the water resourcés'of this
and other countries accelerate. MNuch has been learned about water
and tne hydrolcgzic cycle, yet many basic guesticns remain unanswerede.
The complexities and interrelationships within the hydrologic cycle
defy simple measurement and analysis and such categories as precipi-
tation, infiltration, runcff, and ground water are so brcad as to
merit volumincus literature cn each. This study is ccncerned pri-
marily with runoff -- yet it takes into consideration precipitaticn,
infiltration, and ground water, each in some detail.

It is widely recognized that there are a number of factors
affecting the runoff from any watershed. These facturs differ from
watershed tc watershed and even adjacent watersheds iaovariably have
scome difference between them. Besides the normzlly expected varia-
tions in precipitation and other climatic factors, such things as
slope and topography, geology, soils, vegetation, drainage, size,
and shape of watersheds vary widely and in doing so vary their
effects on hydrologic characteristics.

In recent years much work has been done by research
scientists in attempting to evaluate and give quantitative expression
to tne effect whicnthe above-cited and other factors have on the
end product -- water received at the ucuth of a watersned. any

useful methods and techrniiues of znalysis have been develoned which
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have allowed a better understanding of the processes involved as
well as giving a basis for more accurate prediction of runoff, its
volune and timing, etc. However, application of research techmiques
and findings has been hampered by tane fact that the hydrologist must
usually start with runoff, the integrated prcduct of many factors,
and work backward in an attempt to determine how these factors haver
contributed to the process of converting precipitation into stream-
flow.

In watersbed management research it is practically
impossible to control all of the factors involved in order to study
the eifect of cne particular factor. Kather the researcher must
observe and measure all apparently significant factors and attempt
to account for their eifects and interacticns. This is no simple
task for many are difficult to measure and express quantitatively.
The probability of accurate researcn and correct interpretation is
consejuently ennanced when watersheds with several siwilar charac-
teristics are available for study.

Of necessity, taoe hydrologist has cften turned to
statistics as a tool to evaluate these factors., Such analysis
usually reyuires data from a large number of watersheds or else a

large number of events from one or several watersheds. (1)

Problen

This study is an attezpt to deécribe and compare the runoff
characteristics for turee experimental watercsieds in the H. Je
Andrews Experiwmental Forest, Blue river, (regon, during winter, or

wet season, stori periodes, as virtu=lly all floods and high flows
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occur during the prolonged wet season. It also attempts to explain
how several watershed characteristics may affect differences in the
resultant hydrographs of storm runcff.

On the western slopes of the Cascade Mountains large un-
burned areas which have heretofore remained inaccesaible are now
being opened up by logging. The predominant practice of pateh clear
cutting and the accompanying vegetative changes undoubtedly produce
sowe hydrologic changes in the lmmediate area. Lesearch foresters
are presently tryiang to evaluate these hydrologic changes brought
about by logging and road building. <The usual method is to use a
control watersned -- a nearby undisturbed watershed resexbling ase
closely as possible the experimental watershed -- and, after a period
of caliovration, attempt to measure and attribute the differences
brought about oy harvesting practices. A better knowledge and
understanding of the bhydrologic interrelationships of watersheds in
their natural state would be userlul in nore zccurately evaluating
effects of manapewent practices.

This study takes data from & nips-year gericd before any
pBajor treatment was ipitiated. Further studies will be conducted
by tne pPaciiic Hortuwest Forest sand kange Experiment Station follow-
ing a period of treatment. Several tecinijues of hydreograph analysis
developed in otiher areas and uncer scuowhat different conditiona
have been tried. FPromsinent acong these is the unit hydrograph,
which wacoriginally intended as the principal means of cowparison of
storz runoff characteristics. However, during this study it was
found tnat the unit hydrozraph techpigque did ool lend itselfl readily

to analysis of the long period, low~intensiiy storms which are of



primary concern in these watersheds. Therefore, several other

methods were tried for characterization of storm runoff character-
istics.

Because of the small oguwmber of watersheds and the few
storms analyzed for eacn watersned, no statistical analysis is used.

Rather, most results are presented graphically or in tabular form.
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REVIEW COF LITERATURE

Subsurface Flow and Ground Water

While much bhas been written on runoff and itscorrelat#on
with precipitation, antecedent condition, watershed characteristics,
etc., only a small portion of this literature has been devoted to
the actual mechanics of the transformation of rainfall into guickly
available streamflow. Since llorton put forth his theo;y of infil-
tration capacity (22), most studies have been concerned with surface
runoff. Sowme have taken ground water into consideration, though
usually for the purpose of more accurately determining surface
flow. Though subsurface flow, a component of runoff which is
neither surface runoff nor normal ground water, has often been
recognized, it has been studied relatively little and attempts to
isolate and measure it have been very few. As an example, Horner
(21) in a discussion of the role of land in transforming rainfall
into streanflow includes subsurface detention and subsurface
storage among the many factors whicih affect this process but they
are treated gqualitatively and quantitative determinaticn is restricted
to infiltration and surface runoff.

C. R. Hursh (24) was one of the first to recognize and
describe the pbenomenon whica he defined as '"subsurface-storuflow,"

"...that porticn of the stormflow which in-
filtrates into the surface-so0il but moves away
from the area through the upper soil horizons

at a rate much in excess of normal ground-
water seepage.”
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He stated tnat although surface infiltration rates might exceed
rainfall intensity, lower permeability of subsurface profiles would
cause a lateral movement in the upper soil much more rapid than
ground water flow but not as fast as flow over the ground surface.

Later, Hursh and Brater (26) working on a 40-acre water-

sned at the U. S. Forest Service Coweeta Hydrologic Laboratory in
North Carolina, tested for subsurface stormflow by plotting 1/4 to
1 hour depletion ratios ~-- ratio of flow at time, t, to flow 1/4
or 1 hour earlier ~- following the cessation of channel precipita-
tion flow and found them to be much higher than those known to be
true of surface runoff. They concluded that at the sharp break in
the depletion ratio curve a distinction could be made between that
part of subsurface flow which behaves more nearly like channel
precipitation ané that part which resembles ground water flow.
Several ground water wells located near the stream peaked at about
the point of break in the depletion ratio line, then followed a
recession similar to that of the stream hydrograph. In discussion
they suggested that in storms with negligible surface runoff storm-
water came from:

1) Channel precipitation.

2) Contributions from areas of normally shallow water
tables located in close proximity to the stream and
occurring in soil profiles guickly saturated.

3) Storm water moving through layers of porous soil
material and under a conciderable gradient, reaching

the stream during the period of storm hydrograph.



4) Storm seepage frow large bodies of colluvial or

other porous scil material wunich has filled in along
streambanks.

5) Seepage as a result of piling up a high water table

in talus slopes in close feeding relation to a surface
stream. These are fed by rapid seepage or percolation
from steep slopes and would contribute to the upper
portion of the recession curve.

Barres (2), (25) stated tnat streamflow could be separated
into coaponents of surface flow, storm seepage (subsurface flow),
and bace flow by means cf a semi-log plot of the recession curve.

He found that each of these components had & distiunctive and con-

stant depletion factor and their recession curves were of the form:

t

Q= 3K

where y and 4, are discharge at two instaunts separated by the
time pericd t, and K 1is a constaunt or depleticn factor.

In cne of the few recorded measurezents of subsurface
flow, Hursh and Hoover (28) weasured flow at 2" and 12" decths on
runoff plots in the southern Appalachians. Under forest cover they
found wuch more flow in the 2-12" layer than in the 0-2" layer, but
on abandoned cultivated lana flow was grectest in the surface layer
or "plow depth." They concluded that the most important scil
hydrologic characteristics were thoce coacerning porosity and in-
cluded detention and retention storage capacity and the transmission

rate of water.



vWerking with velcanic ash soils in northern New Zealand,
van't Woudt (45) measured lateral wovement on a 32 degree slope with
"windowed" vertically oriented lysimeters. He found greatest lateral
movertent high cn the slope and concluded that subsurface flow was a
result of three factors which tended to obstruct rapid vertical
infiltration at some depth in the soil profile. These factors are:

1) A relatively thin layer at the surface which bas
become wetted during the course of a rainstorm, on
top of still unwetted soil.

2) A buildup of meoisture in the A horizon due to a low
infiltration capacity of the B horizon as coumpared
with the 4 woich resulta in lateral flow through
that layer toc the foot of the slope.

3) A similar buildup and lateral flow where application
of water to the surface is nct rapid enough to in-
crease the pressure potential sufficiertly for water
to move frou a fine top scvil intc underlying coarser
so0il.

Kiesbol (34) reported the results ¢f studies at Coshocton,

Chio in which the downward rate of percolaticn was measured in eight
foot deep lysimeters. He found that the lag between center of

mass of precipitatioan and center of mass of the percolation hydro-

- gragh was 16-2% hours. He went on tc describe a method which

could be usea to ccompute lag or tiuwe between infiltration and
reappearance as runoff using recession, storage-discharge, and

ground water level-discharge curves.
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Hursh and Fletcher (27) working on a 7-acre watershed
at Coweeta ausalyzed deep coil as a reservoir siuilar to a grouad
water aquifor and had considerable success in correlating ground
water well elevationa with hydrograph peak rates and tizmeas. By
conparing stream and ground water well hydrographs they computed
detention storage opportunity witbin each succeossive foot of
saturated soil profile as ths ground water declined, Using labora-
tory deterzined macroeporosity data they calculated that an aquifer
of & acres in slize was necessary to zaintain flow.

In 19%4 Hursh (25) reviewed tho available literature on
the subject and polnted cut the nsed for better methods of separ-
ating the ccmponents of flow on the hydrogragh. He suggested two
possible explanaticns for subsurface flow:

1) "..e.rapid aspilling of the over-chargsd ground-

water uguifer thurough extresmely porous upper
soil-horizons.”

2) “...relatively sballow penetratica of stora-

water iuto porous upper soil-horizons and its
rapid lateral ilow with the slcpe to natural
outlets.”

Several writers nave suggested that much of what is
often termed subsurface flow is actually ground water flow greatly
increased during storm periods. Horton (23) says that ground
water stage reaches a maxinun whon infleow ejuals discharge and
the discharge agproaches a theoretical maximum equal $o rain
iatensity. Toposgraphic features sucn as the intersection of the
water ftudle by fullies may lower the stage to wnicn it =ight other-
wise rise, and runoif sscrited to tne "soil beccming saturated"
may actually be due to ground water inflow haviug becume sgual to

outflos. In support ¢f the iole of ground water during storas,
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Wenzel (46) states that ground water flow may react very guickly
to precipitation and may reach a peak of 10-20 times normal base
flow. A snall rise in ground water level along a reach of stream
will cause a large increase 1ln cross section of aquifer discharging
into the stream. 1In additioan, subsurface flow froa up sldpe aay
cause a gharp increase ia the slope of the water table at the
stream edge.

Roessel (35) also believed that ground water was often
nore important in producing storm runoff than subsurface flow and
sugzested that ground water might be affected almost immediately
by rainfall (late in a storm) through a change in hydrostatic
pressure.

"ihen the field moisture deficiency is satisfied,

a drop of rain does not need to traverse the

zone abeve the capillary fringe to exert its

influence. Its added pressure at the top will

permit a drop at the bottom to reach the fringe

and make the water table rise."
He reamnalyzed the classic Swiss experiments at Rappeugraben and
Sperbelgraber and suggested that the reason kappengraben was uore
sensitive to rainfall anu yielded greater runoff from an egual
amount of raian was because it had wmore and larger springs -- thus
water flowed a snorter distance to an outlet -~ rather than because
9f a difference in vegetative cover. To support his hypothesis he
ran laboratory tests on sand aguifers of different lengths. The
shorter aguifers were found to be more sensitive to water applica-~
ticn and had a much lower detentiun capacity.

Thougn sustained streamflow from large ground water

agulifers has been demcustrated iu wmany areas, it is difficuit to
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visualize extensive water tables existing on very steep slopes as
are found in many mountain watersheds. Yet base flow coantinues
through prolonged dry periods on many such watersheds, with a low
rate of recession. Such is the case at Coweeta (and at the H. J.
Andrews). In order to test the theory that this flow could be
sustained through long, slow drainage of soll moisture, Hewlett (17)
constructed an artificial soil profile 32' long on a 40 degree
slope. The so0il was saturated with water and allowed to drain to

a water table at the foot of the slope constructed to sioulate a
stream bed. #ater continued to drain from tais profile for 71 days.
Though most of the discharge came during the first part of the
period (20% in the first three days), the discharge during the last
50 days was equivalent to a rate of 0.3 csm or about

the order of magnitude of observed minimum flows at Coweeta.

Unit aydrograph

Since sherman (33) first put forth the coccept of the
unlt aydrograph in 193<£ it has become an alwost universally
accevted theory and pas received wice applicatiovn. EBernard's
addition of the distribution graph (5) greatly increased its use-
fulness and made possible comparisos of unit hydrograpns from
different si-.e watersheds through expression ¢f runcff volumes as
percent of totsl runoffi. ZSeveral geansral dimensionless hydrographs
Lave been develcped on a regiomal bzsis and successfully used to
geverate synthetic unit aydrcgraphs (9)(31)(4).

Many wmodificaticns of the unit hydrogrsph have been
made in orader tc wicen its raapge of 3pplicability. “Though

originally designed for large watersheds on which daily precipitation
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records could be used, several early authors tested it on small
watersneds (e.g., less than 10 square miles) and concluded that
where rainfall intensity records were available the unit hydrograph
was a valuable tool for the analysis of surface runoff (7)(16).
Determination of tue unit nydrograph as originally outlinéd is
dependent upon naving a relatively short storm which is uniform in
both time and areal distribution ~-- the storm duration must not
exceed the period of rise or time of concentration., Often no such
stora is available and it is necessary to develop the unitgrapn
from a long period complex storm. Several technigues have been
developed tor tnis purpose including trial and error (8), least
squares (40), and "progressive addition" (3). Linsley, Kohler, and
raulhus (30) outline cne of the more comuon methods of determination.
This was tae principal metnod attempted in this study.

Because of its widespread popularity and uszefulness, the
limitations of tne unit hydrograph have sometimes been overlooked.
Barnes (5), in discussing several of the assumptions on which it
is based, states that a large percentage oif volume treated as
surface runoff is actualiy interflow or subsurface flow, and that
toe time base is not constant tor unit storws of different runoff

volumes. Hawkins (15) points out that it falls short on the

-aussumption that the entire watershed 1s contributing runoff.

wifftect of uatershned Characteristics

In additicn to its use i uredicticon of flood ruaoff
and design storms tie unit nydrograph has served as & useful tool
to characterize store runoff frou given watersheds and relate it to

measurable watersiied cunaracteristics. The zest widely used
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expressions of runoff are vealk flow =- in c¢sm or distribution
percentage for the peak period -- and some expression oif the tine
lapse between rainfall and runoff, i.e., lag, time of concentration,
period of rise, etc. Varicusly defined units of lag have usually
been related to watershed size, shape, and channel slope. In a
study of watersheds in thne Appalachian Mountains, Snyder (39) found
that basin lag, which he defined as time from centroid of rainfall

to the hydrograph peak, could be expressed by the formula

where tp is lag io hours, L is length of tne main stream from
outlet to divide in miles, Lc is distance frow the outlet to a

point on the streaua nearest tne centroid of the basin, and Gt is
a basin constant. He iaen used lag and area to determine peak flow.
Lag was found tu be affected by storm cnaracteristics, i.e.y varia-
tiouns in tiwe and areal distributicn.

Taylor aund Schwarz (41) related unit hydrograpn lag and
peak flow to duration of raiunilall excess and to tue watersied
cuaracteristics of lengli of waiu stream, lengtn to ceutroid of
area, anu cnauuel slope.

Hickxok, Keppel, and wafferty (1l6) analyzed a numver of
nydrographs frow 14 swall watersineds in tne southwest and found
lag tiwe to correlate best wilh area, average landslope, and
drainage density. ILag time and tiwme of rise varied consicerably
anu it was coucluded tnat lag tiuwe gave a uwuch more reliabple index
01 watershed influsuce, beluy less aifected vy rainfall intensity

ana wuraticne.
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In its hydrology handbook the Soil Conssrvation Service
(b4) estimates lag empirically as 0.6 tiumes the time of concentra-
tion. Time of concentration is detsrmined either by analysis of
the hydrograph recession or calculated from length and slope of
the main streanm.

Moat of these determinations have been empirical in
nature and resultant formulas included constants which are appli-
cable mainly to areas of similar geoclogy and climate, thus limiting
their use in other areas.

The synthesis of dimensionless hydrographs through the
use of watershed parameters has come into quite common usage.
However, Gray (14) criticizee the validity of the common means of
relating unit hydrographs to topography and other watershed charac-
teristics because of the interrelationship of the parameters usually
used under the assumption that they are independent. For example,
L and Lc _which are often used in combination are related to each
other and to area. fWhen regional influence was given consideration
he found that the slope of the main stream could also be correlated
with these three factors. 1In a study of 340 drainage basins in
the northeast, Langbein (29) confirmed some of these relationships
aend 2lso found that drainage density usually increased with average
land slope, and that steep channel slopes were usually associated
with steep land slopes.

In a study at Coweeta, Hoover aand Hursh (19) found that
higher elevation watersheds, which had steeper slopes and shallower
solls, produced much higher peaks than did lower elevation water-
sheds which had generally gentler slopes and deeper soils (68-1567

cem as compared to 22-32 csn).
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Other Methods of Analysis

In recent years several writers have attemnpted to
represent the nydrograph of runoff with a mathematical formula.

The advantages of such a formula in characterizing runoff are
obvious. Edson (10) used a two-parameter eguation in which peak
discharge and time of peak are determiuned from watershed character-
istics. In a refinement of this method Keich (33) took 47 hydro-
graphs from 14 watersheds and fitted a three-parameter mathematical
model to thew, HMultiple regressions were then developed for
predicting each of the three hydrograph parameters from storm and
watershed characteristics and antecedent molsture.

The recession curve of a nydrograph after precipitation
has ceased is made up of depletion from storage and as such should
reflect watershed characteristics. It was through analysis of this
recessicn curve that Barnes (2) suggested separation of the three
components of flow. 1In a couparison of snowmelt streauflow from
the Fool Creex and kast St. Louis Creek watersheds of the Fraser
Experinmental Forest iu north-central Colorado, Goocdell (13) sug-
gested comparison of the recession curves as a means of calibration
prior to treatment of one watershed. 1In a later study on the sane
watersheds, recession analysis was used to separate individual
daily contributions to stream flow and to determine whether base
flow had been affected by management practices (12).

Many graphical methods nave been used to compare runoff
characteristics between watersheds or between time periods -=-
usually before and after treatm:nt -- on & single watershed. These

are fairly simple to carry out and give a visual aindication of
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similarities and differences. The Tennessee Valley Authority hae
utilized a nunber of these methods in evaluation of land trsatment
effecte on watershed hydrolegic characteristics (42)(43). Among
these are: peak discharge vs. runoff, surface runoff vs, precipi-
tation and antecedent mocisture, and percent runoff vs. time.
Horton\(EZ) and Horner (20) have used the technique of plotting
mass precipitation and mase runoif on the sams time secale in deter-

mining watershed infiltration capacity from the hydrographe
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METHCDS AND MATERIALS

stud! Area

The study was conductied on experimsntal watersheds #l,
#2, and #3 of the He J. Andrews Experimental Forest which is
located approximately 45 miles east of Bugene, Oregon as shown in
Figure 1. The experimental foreet is located on a tributary of the
McKenzie River which in turn flows into the Willamette River nsar
Eugene. The H. J. Andrews Experimental Forest was established in
1948 for the study of forest and watershed problems associated
with the conversion of maturé and overmature Douglas-fir and upper-
slope (mountain hemlock-noble fir) forests to productive young-
growth standa. A number of studiee covering a wide variety of
problems in forest and watershed management are presently being
carried out by the Pacific Northwest Forest and Range Experiment
Station in cooperation with the Willamette Natlonal Forest.

The three experimental watersheds were chosen for studies
of the effect of logging on streamflow and sedimentation. Trape=-
zoidal flumes were installed in 1952 and all three watersheda re-
mained in an undisturbed state until 1959 when roads for logging
and access purposes were constructed on Watershed #3. Further
treatment planned is as follows: Watershed #2 will be held in an
undisturbed condition as the control. Watershed #3 will bes logged

by the standard staggered-setting system as practiced on National
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Foreasts west of the Cascade Summit. Under this system approximately
25% of the area is clearcut in patches during the first cutting
cycle. Watershed #1 will be 100% clearcut and will be logged by
the Wyssen skyline method. Thie system involves a minimus of road
constructicn and soll disturbance.

Topographyi~-The tepography of the thres watersheds is
geologically young and is generally rough with average slopes
greater thaan fifty percent. Sids slopse droppiang into major
stream channels are steep to precipitous. Slopes of 80-100% are
not unconmon and rock outcrops are freguent. Areas of benches and
gentle slopes, probably a result of past colluvial activity,® are
present and alternate with steep, thin-soiled slopes, particularly
on Watersheds #2 and #3. Figure 1 illustrates the topography of
the three watersheds and ¥ligure 2, the slopeé-area curve, gives
some indication of the relative slope of the watersheds. As Figure
2 and Table 1 show, Watershed #1l has coansiderably more area at a
slope of greater than 30% than either of the other watersheds.

The watersheds are oriented with drainage from southeast
to northwest and range in elevation from about 1500 feet at the
gaging stations of #1 and #3 to over 3500 feet.

The drainage pattern is dendritic. Drainage density has

been computed by two mathods -~ one utilizing stream lengtha as

*A large slide occurred on Watershed #3 in December 1961,
depositing wore than 5,000 cubic yards of mumd, rock, and log debris
in log jams in the iain channel a2nd scouring nearly 3,000 feet of
creexbed to dedrock. Cause of the slide was believed to be a steep
and unstable soil mantle, a logging road constructed across the
Watershed, and a zequencg of suow and rainstoras which thoroughly
wet the soil (11).
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Table 1

WATERSHED SLCPES®

fiatershed #1 Watershed #2 Watershed #3
Acres % Arsa Acres % Area Acres % Area

0 to 20% slope 12.1 561 16.7 11.2 41.5 16,6
20 to 40% slope 23.0 9.7 31.0 20.8 by, 3 1747
L0 to 60% slope 38.4 16.2 24,8 16.6 41.7 16.7
60 to 80% slope 9047 33.3 48.4 32,5  57.3 22,9

=>80% slope 54.0 22.8 26,2 17.6  45.0 18.0
Exposed rock 18.8 79 2.0 s W 20,3 3.1
Total 237.0 100.0 149.1 100.0 250,11 100.0
Weighted average )

slopeP 66.0% 55445 Sha8%
Average slope by - 63.5% 57.0% 56.0%

contour method

R preas from map by Wollum (49).

bAvarage determined by multiplying widpoints of slope classes by
percent area within each class and computing a weighted average.
For hydrologic purposes exposed rock was included within the —80%
slope class. Midpoint of this slope class was taken as 90%.

CpDetermined by formula, § = DL/A, as explained in text.

deternined from a topographic map with a scale of 16"/mile, including
internittent streams; the other using lengths as measured in a
survey during the dry season. The drainage densities are included
in Table 2 and it is interesting to note the difference between

methods, particularly on Watershed #1l.
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Watersheds #1 and #3 are nore or less fan-shaped and have
coupactness coefficients (watershed perimeter/circumference of a
circle with equal area) of 1.25 and 1.30, respectively. Watershed
#2, being between them and having the gaging station located further
upstream from the mouth, is relatively ovoid in shape and has a
compactness coefficient of 1.18.

Geology and soils:-=The area and the three watersheds

are underlain by igneous and veclcanic rock with a complex historye.
He detailed work has been done in the area but it has been described
generally. Geologically, the area lies within the western Cascades
which are marked by volcanic activity of eruptive fissures forming
parrow, irregular dikes (47).

Scil surveys on the experimental watersheds have confirazed
the presence of basaltic and andesitic lava flows at the higher
elevations overlying tuffs, breccias, and agglomerates at lower
elevatiocus.

Like the volcanic parent material, the pattern of soil
distribution is quite complex. However, the soils can bhe generally
grouped into three types:

1) A residual clay loan formed fron andesite and basalt

which is comaon on the steeper slopes and ridgetops;

2) A residual silty clay loam formed from agglomerates,

tuff, and breccia which is characteristic of mid-
slope and low-ridge positions;

3) 4 clay loam formed froam colluvial materials which

occupies gentle slopes and benches. (6)
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Soil structure has generally been described as being
mediun to fine subangular blocky in the upper horizons grading to
massive or structureless in the C horizon of several series,

Except for some of the colluvial soils forming bench
arasas, the soils are generally shallow, cften less than two feet
in depth. Figure 3 shows areas of deep and shallow soils on the
watersheds. As can be seen from this figure and Table 3, 65% of
the area of Watershed #1 is in shallow soils and exposed rock while

Watersheds #2 and #3 are between 40-45% shallow soil and exposed

rock,
Table 3
SOIL DEPTHS
— e e T T T T T I T T T = — — e ———— — |

Watershed #1 Watershed ;2 Watershed #3

Acres % Area Acres % Area Acres % Area
Deep soils® 80.1 33.8 80.8 54,2 149,7 59.9
Shallow soils 138.0 58.3 65.3 44,5 80,1 32.0
Exposed rock 18.8 7+9 2.0 1.3 20.3 8.1
Total 237.0 100.0 149.1 100.0 250.1 100.0

Data from soils-vegetation survey report by Wollum (43).

aDeep s0il mapped as thal deeper than two feet.

Two seoil surveys have been conducted oau the area, one in
1960 by wollum (49) and oune in 1962 by a Forest Service soil-survey
team. A brief resume of the soil types as described in the most

recent survey is given in the appendix.
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The soil survey which mapped depth differentiated betwsen

deep and shallow soils at a depta of two feet. Thus both residual
and colluvial soils are included within the deep soils classifica-
tion. Some of the colluvial soils are quite deep -- more than ten
feet -~ as the soil series descriptions in the appendix indicate.
These deep colluvial soils probably have considerable hydrologic
significance, as will be discussed later.

Most of the soils are well drained to moderately well
drained with moderate to moderately rapid permeability. The one ex-
ception is the Slipout series, mapped as occupying a small area of
Watershed #3, which is described as being imperfectly drained and
having moderately slow permeability. Bulk densities have been deter-
mined on several soils and generally averaged between 0.8 and 1l.1l.

Some idea of the potential for detention storage can be
obtained from determinatians c¢f non-capillary pore space in the top
four feet of the soil at three sites in watershed #3. Using soil
moisture-tension measurements and bulk densities, the total non-
capillary pore space was determined to be 7.8, 5.5, and 5.4 inches in
the top four feet of soil at these three sites®. Approximately half
of this non~capillary pore space, or potential detention storage, was
in the top foot of soil. Though these figures cannot be used to re-
present the watershed as a whole, they do illustrate the large
storage capacity of the soil and help explain why surface runoff is

virtually non-existent, even during prolonged intense storms.

.NOn-capillary pore space was assumed to be the difference between
volume of water neld iu the soil at saturation (total pore space)
and at a tension of 60 centimeters of water. Total porosity was
deterwined frouz bulk density by the formula

Bulk Dansipy).

Total porosity (in percent) = 100 (1 - 763

Data for bulk density and porosity is shown in the appendix.
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Vegetation:--Although vegetaticn changes progressively
with altitude within each watershed, it is not noticeably different
among the three watersheds. It consists primarily of old-greowth
Douglas-firilwith an understory of hemlock, yew, chinguapin,

dogwood, and vine maple. Hemlock and western redcedar, the site

climax species, become more abundant at higher elevations at the

expense of the Douglas-fir. Western redcedar, incense cedar, big-

leaf maple, and alder are found along creeks and near marshy spots

where soll moisture conditions are favorable. (Common shrubs are
rhododendron, salal,; Oregon grape, and huckleberry. Due to the

dense crown canopy (about 90%) herbaceous vegetation is sparse.

Among the uore common species are twinflower, oxalis, swordfern,
goldthread, and beargrass (49).

Clizate and hydrology:~-The climate of the area is

generally nild. It is guite rainy in the late fall, winter, and
spring but warm and dry during the sumsmer months. The mean teaper-
ature in July is about 65° F. and in January about 390 F. Tempsr-
atures usually exceed 100 degrees for a brief pericd in the sumaer
but rarely reach O degrees in the winter. Mean water year precipi-
tation over a 7-year period averaged Y2 inches with a range of
%3.6 to 109.8 inches; primarily in the form of rain., Rainfall
intensities are low -- usually less than C.25 inches/hour, with few
storms reaching 0.50 inches/hour, evea for short periods.

During the 7-year calibraticn period annual runoff from

the three watersheds averaged about 60 inches or about 65% of

1 i o » g
-/For a list of scientiiic names of comuon species see appendix.
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precipitation, varying fromz 45.4 to 31.1 inches. Water balance
studies have indicated that the remaining 35% may be brokean down
into intercention =- 12%, and evapotranspiration losses =- 23%.
Lowest periods of streamflow occur in late summer prior to fall
rains and bave varied from August to early Hovember. To date the
recorded extremes of high and low flow indicate a ratio of nearly
1000 to 1 (37). Figure & shows the monthly distribution of preci-
pitation and runoif of Lookout Creek, the stream into which all
three experimental watersheds drain.

According to observers there is no visible surface runoff
during even the heaviest rains but temporary streams flow in every
possible channel and water "literally sguirts out of the road cuts
from top to bottom." During prolonged, intense storms runoff rates

on ¥Watershed #1 have reached 80% of rainfall intensity (36).

Instrunentation

Precipitation:-=Rainfall intensity records are available

from a Leupold and Stevens 4-12 recording rain gage located at a
climatic station below the wmouth of vwatershed #2. Four additional
standard rain gages and two rain and snow storage gages are located
within the tunree watersheds and around theidr periphery. Precipita-
tion recorded at different elevations was compared and, over the
short periocd of concurrent record -- 1l-2 years, found to be approxi-
mately 5% greater at the highest elevation than the climatic station
for annual precipitation. Little difference was found for short
period winter storm precipitation.

Runoff:=-Runoif fron the experimental watersiieds has been

gaged since 1952 with trapezoidal flumes. Rethacher (37) describes
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the installations as follows:

Each of the small watersheds is gaged with a trapezoidal
flume 9 feet long and 14 feet wide with approximately a 9-
inch-wide flat floor. Side slopes of the flume were
constructed at approximately £5 degreea to a height of
three feet. The floor of the flume has a 3 to 5 degree
slope downstream. This design, based oan laboratory tests,
gives a laminar flow through the control section at all
stages. A trapezoidal flume was used rather than a sharp-
crested welr because it is self~cleaning and has a rela-
tively large capacity. The flumes as described can handle
approximately 100 cfs.

The flumes are ejuipped with standard Leupeold and Stevens A~35
stage recorders. Stage-discharge ratings have been made in the

field by means of the velocity head rod.

Data Reduction

Stora runoff and precipitationi--Stage hydrographs for

the period of record since 1952 were examiued for storms which
could be isolated and apalyzed. Six storus were selected and used
for the study. The maximuu recorded ilows were not iucluded as
these were usually from lounger-period, more coaglex storms which
are more difficult to analyze.

Since the exact recession curves of {he three watersheds
wg{a not known, base flow had to be arbitrarily separated from
stdrm runoff. In vicw of the disagreements regarding hydrograph
geparation in the literature and the results of later recession
analysis, it is felt that any separation of base flow without con-
siderably more informaticn than was available would be arbitrary.
A constant time of stormflow runout from time of peak was applied

to each watershed for all six storms. This tiue period for each

watershed was arrived at by exaaining the hydrographs and subjectively
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estimating the point at which stora runoff appeared to cease. At
this point there is normally a visible b}eak in the recession curve.
For each watershed the average tiue of these recessions was con-
puted and then applied to all six storms for separation of base
flow.

The method of separation used is explained by Linsley,
Kohler, and Paulhus (%0) and ccnsiste of extending the receassion
existiug prior to the storm to a peint under the hydrograph peake
A straight line is drawn from tnis point to the point on the
recession hydrograpin at which storm runofi is determined to have
ceaseds

Although the accuracy of base flow separation by this
method for a particular storm may be questioned, it was felt that
since the method used was counstant throughout the study it would
not greatly affect the accuracy of the storam hydrographs for compari-
son purposes or interpretations. Runoff volumes were then calcu-
lated from stage-discharge relations.

For oae stornm, that of November 16-20, 1960, a distinct
second storm following the peak by 6-8 hours was sePafated as
oﬁ%linad by Linsley, Kohler, and Paulhus (30).

For each storm the hyetograph of hourly raianfall intensi-
ties was plotted on the same time scale as the storm hydrograph in
order to examine the hydrograph reactions to rainfall intensity
fluctuations. The rainfell intensity was assusmed to be constant
over the three watersheds. This assuanption is based on the fact
that the storms exverienced here are of the widespread frontal type

with low intensities. Examinaticn oi records from the rain gage
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network showed no orographic effect and little variance in total
precipitation from this type storm. Since there is no effect on
total storm precipitation, there is no reason to believe that
there is an effect on intensity of precipitaticn. -

lag:-~The definition of lag adopted for this study was
the time from centroid of the period of effective rainfall to the
time when 50% of storm runoif has occurred. The centroid of
effective precipitation was determined graphically from a mass

plot of precipitation and storm runoff.

Recession coefficient:--The term, recession comstant,
is normally used for this valuas. However, as the values determined
were anything but constant, recessicn coefficient was settled upon
as a more appropriate term.

In order to eliminate the effects of channel precipitation
and channel storage, the period of recession was taken as beginning
three hours after the peak or three hours following cessatlon of
rainfall, whichever was later. Recessions of total flow were
plottsd)on semi~-log paper and recession coeificients computed for
periods during which the seni-log recession plot approxinated a
straight line. For purposes of computation a time-period of 6 hours

was chosen. Thus recesslion coefficients were determined by the

formula
%46
N

where Rc is the 6-hour recession coefficient, U is discharge

R

at any time t, and g, o 13 discharge 6 hours later.

Wiatershed characteristics:--The basin characteristics

whicih were thought to have a cipniiicant effect on sterm runoff --
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both volume and time distribution of runoff -- were measurede.
Watershed perimeters and streau lengths were measured with an
opisoneter from a map constructed by research foresters of the
H. J. Andrews Experimental Forest from & compass and chain survey.
The centroid of area was determined by the standard means of
vertically suspending a cardboard outline of the watershed sepa-
rately from several points and finding the point of intersection
of plumb lines from these points of suspension.

Average basin slope was measured as outlined by tiisler
and Brater (43), i.e., by the formula

DL
A

S = 100
where 8 1is the average slope of the basin in percent, D dis the
contour interval in miles, L dis total length of contours in wmiles,
and A 1s the basin area in syuare miles. Data for the slope-area
curve was oblained from area within slope classes as mapped by
Wollun in his soil-vegetaticn survey.

Other:--Daia on soils was obtaiuned from a soils-vegetation
survey conducted in the summer of 1960 as reported by wWolluam (49).
Parallel transects were taken across the watersheds (at right
angles to the main drainage) at ten and tweaty chain intervals.
Soil depth, slope, aspect, and vegetation were recorded on plots
at two chaln distances, and mapping by soil series, soil depth,
and slope was done in the field using aerial photographs.

Base flow at the beginning of storm periods was measured
and used as an index ¢l antecedent noisture conditions. This index

may not fully account for recent rains which have reduced available
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moisture storage without materially increasing base flow. However,
most of the storms selected followed a period of at least a week

with no appreciable.rainfall.
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ANALYSIS

The six storma selected for analysis as described in
chapter III varied from 2.39 to 7.67 iaches of rainfall and storm
runcff as separated from base flow ranged from 0.57 to 4.59 inches.

Table & lists the storms used and principal data from these storms.

Unit Hydrograph

when the study wiss initiated the unit hydrograph was
planned as the principal means of characterization and comparison
of runoff characteristics of the three watersheds. With the low
intensity rainfall, highly porous soils, and high iafiltration
capacities there is very little actuazl surface runoff, but rather
subsurface flow. However, the subsurface flow bebaves differently
than normal ground water base flow and is easily distinguisbable
as stora runoff. Therefcre, it was believed that the unit hydro-
graph would be applicabls for purposes of analysis with the
principal difference being the much longer time perioda than would
be necessary with surface runoff fron the same size watersheds.

Az even the shortest storm had a duration of eiffective
precipitation longer than the estimated time of concentration, the
storm period was broke: into "unit" storm pericds. After examina-
tion of the hydrograpus, three hours was chosen as a convenient
time unit to use. Accordingly, analysis of the complex hydrographs

began witn estimates oif the amounts of effective, cor excess,
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precipitation, Qv Qo9 e Qn' resulting from successive
three-hour storm periocds. This was done by examining the rainfall
hyetographs and the stage hydrographs, taking into consideration
the antecedent moisture conditions. As outlined by Linslesy, Kohler,
and paulhus (28), the equation for any three-hour ordinate, Q0

of the total hydrograph in terms of excess precipitation, Q, and

unit hydrograph distribution ordinates,; U, is

qn = Q’nul + Qn_le + Qn_atl} + e o o + Q]_Un.
Thus the distribution graph ordinate, Un s can be determined by

the formula:
U =% " (QUy + 9 gUp + Q4 JUs + o 0 o + Q0 1),
1

Using this method, each computation depends on all previously
computed values of U , which in turn depend upon the values of ex-
cess precipitation, § , initially assigned. Any errors become
cumulative and may eventually lead to large negative ordinates.
when thié\occurs, the excess precipitation is redistributed among
the three~hour storm periods, giving new values for Q. The process
is repeated until the computed final hydrograph ordinates give a
fair approximation of the actual recorded hydrograpﬁ.

This method was attempted on all three watersheds on
storm 2 and on iatershed #2 for storm 3. In every case negative
values of U developed before the peak section was reaghed. Soue
8-15 distributions of excess rainfall were used in each trial but
little improvement in results was obtained over the original dis-

tributions which were assigned through a knowledge of the storms
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and antecedent conditions. Since this method is quite laborious
and time-consuming, it was decided not to pursue it further.

The "progressive addition" method outlined by Barnes (.3)
was alsc tried. This is similar to the above but begins on the
recession side of the hydrograph and works backward until a com-
plete set of positive runoif ordinates is obtained. This seguence
of excess prescipitation volumes is then used for a forward run and
the runoff ordinates computed. The ordinates computed by reverse
and forward runs are plotted on the same time scale. The distribu-
tion of excess rainfall is adjusted between sets of runs until the
hydrograph ordinates computed by forward and reverse runs agree
favofably. This method was also tried on storms 2 and 3. Barnes
found that this method was successful in developing unit graphs
which coincided very closely in a maximum of 4 to 5 trials. How-
ever, as many as 8 to 10 trial distributions were used on these
storms without visible improvement. On storm 2, Watershed #1,
roasonab}e looking hydrograph ordinates were developed on the
reverse rﬁn; however, in every case the forward run developed large
negative ordinates immediately following the peak.

After comnsiderable expenditure of time with no fruitful
results, it was decided to abandon the unit hydrograph approach in

favor of other means of comparison.

Runoff Volume and Peaks

As might be expected there was considerable variation in
storm runcff, both in amount and in runoff expressed as percent of

precipitation. Figure 5 shows storm runoff versus precipitation.
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Though Watershed #1 usually produced the greatest volume of runoff
from a given storm, there was little difference between watersheds
on several storms. The relative effect of antecedent moisture as
indicated by base flow at beginning of storm can be seen in Table
4, S8torm 3 which has the lowest percentage runoff has the lowest
antecedent flow. Variation in percentage runoff is not completely
explained by the index of antecedent moisture, however, as is
demonstrated on stora 1.

Peak flow in c¢sm for the six storms correlates quite well
with storm runoff as is shown in Figure 6. The correlation is
particularly good on Watershed #2. From the regression lines which
have been fitted visually, it appears that Watershed #1 has the
steepest regression line, i.e. peak flow increases most per increase
in storm runoff, while watershed #3 shows the least respoanse of

peak to increase in runoff.

Time Distribution of Runoff
; In order to cnaracterize and compare storm runoff for the
three watersheds composite distribution graphs were constructed
from average three-hour distributicn percentages of the six storus.
In order to reduce the variation caused by differences in duration

of effective precipitation, the time of peak flow was taken as a

starting point and time measured in both directions from peak.

The amount of cumulative storm runocff was measured at three-hour
intervals from 6 hours before peak to 12 hours following peak flow
and the three-hour increments converted to percent of total runoff.

Because of the progressively slower rate of change in the recession

v ei—— -+ ———
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side of the hydrograph, measurements were taken at six-hour intervals
between 12 and 2% hours following the peak and at twelve-hour intervals
between 24 and 43 hours. Measured increments over this period were
converted to average equivalent three-hour distributions. The instan-
taneous peak rate was converted to the eguivalent three~hour distribu-
tion percent and an average peak rate determined. Table 5 shows average
three-hour distribution percentages and Figure 7 shows the composite
distribution hydrographs for the three watersheds. The average period
of rise -~ time interval from beginning of effective precipitation to
peak -- was determined for each watershed and used to locate the peak.
Because of variations in rainfall duration and period of rise, three-
hour distribution percentages were not calculated for the portion of
the composite hydrograpns prior to -6 (6 hours before peak); this part
of the composite hydrographs was estimated from hydrograph examinations
and fitted sc that the area unuer the curve was ejual to the average
percent of runoff during this period. That portion of the storm runoff
hydrographs more than 45 hours following peak flow was not included as
this.last 35-42 hours contained only 5-9% of the total storm runoff

and woulh have required greatly reduciug the time scale. The composite
hydrographs as shown in Figure 7 are plotted on a time scale wiih the
start of effective precipitaticn as zero.

As Figure 7 shows, the composite distribution hydrograph of
watershed 7#3 has a very sharu peak flow section. Examinaticn of the
data showed that this high average was caused by storm 3 in which an
instantaneocus peak of 19.3% was reached as compared to the next highest
peax of 1ll.3%. Watersheds #1 and 72 also had higher peak distribution
percentages on this storw but not to the exteat of VWatershed #3. The
reason for this difference ies tne low storm runoff or C.57 inches on

watershed »#3 as compared to 0.73 and C.71 inches on yiatersheds 71 and



53

#2. As all five other storms contained more than twice this amount
of runoff, another set of composite hydrographs was constructed using
storms 1, 2, 4, 5, and 6. It was felt this would give a set of hydro=-
graphs wore representative of runoif irom the largs a£orma which are
typical of the wet season. Table 5 includes the three~hour distri-
bution percentages of the five-storm average. An indication of its
improvement over the six-storm average can be determined by the reduc-
tion in variation*® as shown by the maximum/minimum ratios, "V" , of
the two analyses. The reduction in variation is most proncunced on
vatersheds #2 and #3. Figure 8 shows the composite hydrographs derived
from the five-storm average. As this figure shows, Watershed #1 has
the highest peak, peaks first, and has the steepest recession linmb.
#atershed #2 peaks latest, has the lowest peak percentage, and sus-
tains the highest percentage flow throughout most of the recession.
Watershed #3 is intermediate between the two but more closely resembles
Watershed #2. Figure 9§ shows the cumulative runoff in percent and
further points out the faster runoff of Watershed #l.

Examination of Table 5 snows that Waterszhed 2 has the
least vériation in distribution percentages among storms, i.e.,
lowest maximucz/minimum ratio, V, and that Watersheds #1 and #3 are

aluost equal in this respect.

*Not to be confused with the statistical term, variance, Because of
the small number of sazples in each group (5 or 6) it was not felt
justifiable to use statistical methods of analysis. However, this
does not limit presentation of data to the mean values only, and
the ratio of maximum value to minimuw value was chosen as a means
of givipg a relative indication oif the range in values. This
metnod i1s presented as a tool in distribution graph analysis by
Wwisler and Brater (45).
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As might be expected from storms with a2 wide range of
tine durations, the time from beginning of effective precipitation
to peak flow varied considerably. If storm 3 which had a time to
peak of 12, 10, and 10 hours, respectively, is omitted, variation
is reduced and Watershed ;22 again shows the lowest V valus.

The time from 10% of peak flow to peak has been sug-
gested (3) as a more accurate index of the period of rise of the
hydrograph. This time was measured and averaged 2 to 4 hours less
than total time to peak., &With the exception of Vatershed 22
(excluding storm 3) it gave a wider range of variability than total
time to peak.

The lag tine, as computed froa centreid of effective
precipitation to the time when 50% of runoff has occurred, gave
one of the wnoust accurate indices of storm runoff. It is interesting
to note that the longest lag periods occurred on the storams having
shortest duration. Viatershed #1 had the smallest range of varia-
bility and Watersned ;3 the greatest. Elimination of storm 3 had
no et{ect on the range of variability for Jiatersheds #2 and #3 and
negligible effect on Watershed #l. Thus lag time seems to be
primarily affected by watershed characteristics. Evaluation of
the watersned characteristics which affect lag presents a difficult
probles, however. The parameters most commonly quoted in the
literature as being related to lag are L, Lc' and stream slope,
5, with lag time being proportional to some power of LLc and
inversely proportiocnal to the sguare root of S . These parameters
have beeu related to watershed lag wnere surface flow was the

principal source of storm runoff. On the experimental watersheds
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of the H. J. Andrews Experimental Forest where subsurface flow is
the dominant process, no clear relationship could be shown. Water-
shed #2 which had the lowest values of 1L and L, and the highest
value of S (as measured to the divide), had the longest lag time,
18.1 hours as compared to 13.0 and 15.4 hours on #Watersheds #1 and

%

#3. Values of LLG/S were computed and found to be 1.04, 0.39,

and 1.16 for Watersheds #l, #2, and #3, respectively.

Recession Analysis

Because of the arbitrariness of the method of base flow
separation, total flow rather than storm flow was used for recession
analysis. When total flow was plotted on semi-log paper it was
found that the recessions did not lend theumselves to an obvious
sinple breakdown intc two or three straight lines. Rather, they
were still roughly curvilinear overall, but could usually be broken
down into four to six straight line segments. Figures 10, 11, and
12 show the recessions plotted so that the six recessions for each
watershed coincide at discharges of 3.70, 2.33, and 3.91 cfs,
respéktively. which are the equivalents of a flow of 1C csm. As
these figures show, there is a considerable variation in the reces-
sion slopes. On all three watersneds storm 2 has the lowest overall
recession slope (or highest recession coefficients) and storzm 3
the greatest recession slope. Again, Watershed #2 snows the least
variation between storms and Vlatershed #1 the greatest amount as
is pointed out by Figures 10-12 and Table 6.

Hecession coefficients over comparable ranges of csa
(on the same storms) have been plotted for vatersheds #1 and #3

versus latershed #2 and apgproximate regression lines fitted.
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Figure 13 indicates a closer overall correlation betwsen recession
coefficients for Watersheds #2 and #3 than between #2 and #l.

There also appears to be a significant difference in slope between
the two lines, i.e. the recession coefficlents of Watershed ;1
increase at a faster rate with respect to the recession coefficients
of Watershed ;72 than do those of VWatershed #3. This means that
during the early portion of the recessicn the discharge of Vater-~
shed 41 decreases at a much faster rate than the other two water-
sheds, then flattens out, approaching the recession rates of

watersheds #2 and #3.
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Figure 13 indicates a closer overall correlation between recession
coefficients for Watersheds #2 and #3 than between #2 and #l.

There also appears to be a significant difference in slope between
the two lines, i.e. the recession coefficients of Watershed #1
ingcrease at a faster rate with respect to the recession ccefficients
of Watershed ;72 than do those of Vatersbed #3. This means that
during the early portion of the recessicn the discharge of Water-
shed #1 decreases at a2 much faster rate than the other two water-
sheds, then flattens out, approaching the recession rates of

Watersheds #2 and #3.
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DISCUSSICN

As indicated previously, the large number of variables
and the small number of observations precluded a statistical means
of defining the relationship between watershed parameters and runoff
characteristics. However, a number of observations can be made and
a rational approach applied to these observations.

From the differences in soll depths as shown in Table 3
and Figure 3 it can be assumed that there are similar differences
in the amount of available storage in the soil. (The most recent
soil survey did not indicate any great difference in areas of soils
with similar porosity and permeability among the three watersheds.)
Therefore, it can be postulated that watershed #1, having the least
amount of available storage, will yield the greatest amount of
runoff from a given storm and, its storage being filled faster,
will rise at a more rapid rate during the early portion of the
gtorm. Similarly, because of the reduced effect of storage on
Watershed #1, it should reach a peak rate of flow sooner following
cessation of effective precipitation and should recede more rapidly
following the peak due to the lower volume of storage available to
sustain flow.

The slightly greater average slope of Watershed #1 should

also allow more rapid subsurface flow according to Darcy's Law,
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V =K8, whers V 1s velocity of flow, S 1s the hydraulic
gradient, and K 1s a coefficient determined primarily by per-
meabilitye.

The timing of runcff on Watershed 71 was found to be as
expected, i.e., a faster rise, earlier peak, and Bteeper recession
than on the other two watersheds. Wwatershed #l produced the most
runofrron five out of six stormas; however, on only cne storm was
the volume of runoff from Watershed 51 found to be more than 10%
greater than the next highest watershed.

Extending this line of reasoniug, it can be further
postulated that, on normal storms, Watershed #1 should have the
highest peak flow. This assumes a theoretical maximum peak rate
of loss to deep seepage (or percolation to a ground water aguifer)
-~ this rate of loss or percolation to a lower strata should approsch
a constant value amuch as surface infiltration rates do. In order
to reach this theoretical maximum, a storm of sufficient intensity
and duration to completely fill all available storage would be
necessary. If this occurred, the hydrographs would flatten at the
peak and runoff would continue at this rate until the rainfall
%ptensity decreased or effective precipitation ceased. Under such
conditions, then, differences in peak rates of flow would reflect
differences in deep percolation ratee rather than in available
storage.

Examination of the hydrographs used in the study indicated
that on ncne of the storms studlied did peak flow reach its theo-
retical maximum for the rainfall intensity. Thus effective preci-

pltation always ceased before avallable storage was filled. Because
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of its lower total storage wWatershed #1 would be more nearly filled
when rainfall ceased and would be expected to be flowing at a higher
rate at this time and thus reach a higher peak. This was found

to be the case on all six storms as Table 4 shows., The greater
response of peak flow to increases in runoff volume on Watershed

#1 than on the other two watersheds, pointed out earlier, could

also be attributed largely to a lower detention storage on this
watershed.

Although this difference in available storage would ssen
to give an explanation for the high peak flow of Watershed #1, it
cannot be assumed to be the only causative factor. Differences in
deep percolation rates could also contribute to such an effect.
Although peak flow of Watershed #2 (in csm) averages slightly less
than that of watershed #3, it was greater than Watershed #3 on
three of the six storms. Thus it appears that peak rate differ-
entials may be affected by both differences in available storage
and differences in percolation rates.

Available soil moisture storage may also help explain
differences in interstorm variability of runoff time distribution.
Watershed #2, with most storage, would exert the most control over
stérm runoff. Watershed y¥l, with the least amount of storage to
affect runoff, would be most affected by storm variables such as
duration, intensity, and volume. The maximum/minimun ratios, V,
shown in Table 5 bear this out for watersheds #1 and 2 but not
quite so well for latersned ;#3. watershed #2 has the greatest
maximum/minimum ratio of actual peak flows in c¢sm (Table L) due

to its low peaks on sxzall storms -- again largely a result of
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greater storage. Variability of peak flows expressed as percent
of storm runcff is least on Watershed #2, however.

Figures 14 and 15 show storm runoff hydrographs in
inches per hour and rainfall intensity by hourly averages for
storms 4 and 5 and are included here to illustrate the differences
in hydrographs as affected by fluctuations in rainfall intensity.

Examining storm 4 (Figure 14), it can be seen that
watershed #)l rises continuously for almost 24 hours, then peaks
when rainfall intensity drops from 0.24"/hr., to 0.19%/hr. As
rainfall intensity drops rapidly to less than 0.10"/hr. it recedes
steeply and describes a smooth recession curve. All three water-
sheds are affected by the three-hour decresase in intensity (to 0.15"
/hr.) from 1000 to 1300 (1:00 p.mes) on December 6. This effect
takes the form of a reduced rate of rise on #Hatershed #1 and a two
to three-hour flattening of the hydrograph on Watersheds #2 and #3.
A two-hour decrease in intensity of smaller magnitude from 16C0 to
1300 caused a tenporary hydrograph depression on wWatersheds /2 and
#3%, though more noticeable on #3. The next major decrease in
intensity, starting at about 1900, caused a hydrograph flattening
on Watersheds #2 and #3 with watershed #3 being affected first
(or at a greater rainfall intensity). Vatershed #3 then peaked at
£200 and Watershed #2 at 2330 (11:30 pe.m.), just one~half hour
later than Watershed #1, following a brief pericd of increased
rainfall intensity.

Storm 5 (Figure 15) exhibits a fairly similar pattern of
reaction to fluctuations in rainfall intensity. Again, Watershad

#1 rises smoothly and, prior to the peak period, its rate of rise
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is affected only slightly by a decrease in rainfall intensity.
Hydrograph depressions are caused on Watersheds #2 and #3 by a
decrease in inteusity between 1600 and 1800 on November 23. An
irregular decrease in intensity from 0000 to 0300 on the 24th
causes a leveling, then a marked depression on Watershed #3 while
only causing a reduced rate of rise on Watershed #2. A one-hour
increase from 0300 to O400 raises Watershed #3 to its peak at OkLS.
The hydrograph of WWatershed #2 begins to level off at this time and
finally peaks at 0615. A second discernible block of effective
precipitation which begins at about 1300 on the 24th causes a
sharp double peak on Watersheds #2 and #3%. Watershed #1 has a
smoother hydrograph through this period and recedes very slowly
until precipitation ceases. Separation of runoff caused by this
second "storm," as described earlier, revealed 0.50" of runoff fronm
this storm on Watershed #1 as compared to 0.36" on both jiatersneds
#2 and #5. This would further support the premise of greater
storage available on wWatersheds %2 and #3. The evidence on the
relative sen:itiveities of the three watersheds to rainfall inten-
sity fluctuations is further borne out by examination of the other
stora hydrographs of the study.

. From the foregoing illustrations several observations
can be made:

1) During the rising liab of the hydrograph Watershed #3
requires the greatest rainfall intensity to maintain
rise while Watershed #1 will contioue rise with the
least intensity of rainfall.

2) Reactions to major rainfall intensity fluctmations

are usually reflected in the hydrograph approximately
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one-half hour earlier on Watershed #2 than Vatershed

#3. This aay be partially due to the shorter length
and more compact shape of Watershed #2., Gradual
decreases in intensity usually show up earlier on

the hydrograph of Watershed /43, indicating that this
watershed is more sensitive to minor decreases in
intensity than is liatershed /2. No clear pattern of
timing is evident on Watershed #l1 in relation to the
other watersheds. It may be surmised here that
#atersheds #2 and #3 behave more nearly alike than

do VWatersheds /1 and #2 or #3. For example, fluctua-
tions wnich greatly affect tWatersheds #2 and #3 may
not noticeably alter the hydrograph of yvatershed #l.
For all three watersheds a greater rainfall intensity
is needed to maintain a rising hydrograph at high
flow than at low flow. This points to the necessity
of a differential occurring between input to deten-
tion storage and runoff (or outflow from detention
storage) in order to maintain a rise in streamflow.
At higher runoff rates a greater rate of input, or
rainfall intensity, is necessary to maintain a

differential.

It might be inferred from such a hydrograph analysis that

there is a difference in watershed infiltration capacity among the
three watersheds; not surface infiltration but, rather, percolation
into strata from which water is released slowly and does not appear
as storn runoff. Thus Watershed #1 would have the lowest infil-

tration capacity and watershed 73 the highest. It must be kept
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in mind that such an analysis takes into account infiltration
capacity of the watershed as a whole and it cannot be assumed that
a soil on wWatershed #3 would have a greater rate of percolation
than one on Watershed pl.

Analysis of the recession limb of the hydrograph would
indicate that Watershed #2 held the greatest amount of detention
storage and Vatershed #1 the least amount, as evidenced by the high
six~hour recession coefficients of Watershed /2 and the low reces-
pBica coefficients of Watershed #l. Table 3 indicates littlse
difference in s0il depths betwsen Watersheds #2 and #3; however,
not separately accounted for are the presence and distribution of
large areas of deep colluvial soils, particularly on watershed #2.
This difference in soil detenticn storage is further supported by
the fact tnat summer minimuﬁ flows in c¢sm are greatest on Watershed
#2 and lowest on VWatershed #l.

A difference in soil detenticn storage would also help
account for the differeunce between total stream lengths in wet and
dry seasons on watershned #1 as compared to the other two watersheds
(Table 2). Because of low storage on watershed 71 many wet weather
streams would be dry in summer and would not have been measured in
a summer survey.

As mentioned previcusly, the unit hydrograph was not
found to be applicable for chnaracterizing storm runcff from these
watersheds., (ne of tne uost important assumptions of the unit
hydrograph is that all storms of unit duration (i.e., less than or
equal to the period of rise of a unit hydrograph), regardless of

their magnitudes, produce nearly identical distribution graphs.
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This is because of the constancy of such factors as size, shape,
slope, drainage density, etc. which control storage and transit of
surface runoff. This same assuunption is basic to the derivation
of unit hydrographs from complex storas, i.e., that the tiune dis-
tribution of runoff derived from precipitation during one part of
the storm is the same as the time distribution of runoff from pre-
cipitation during any other equal time period of the complex storm.
Nash (32) expressed it through his theory of the instantaneous
unit hydrograph in which he routs an instantaneous input of runoff-
producing rainfall tarcugh the linear storage imposed by watershed
characteristics. The instantaneous unit hydrograph then gave a
characteristic time distribution of runoff from the watershed.
This assumption of equal tiwe distributions of runoff

does not seer to be valid for runoff derived from subsurface flow.
It appears that the principal reason that unit hydrographs could
not be derived from these storaus was that the tiuwe distributicn of
runcff from three-hcour storm periods was not coastant throughout
individual storms. It was particularly variable during the rising
limb of the hydrograph, The reason for this variability can best
be explained by the variation in storage through which the subsur-
face flow is routed and the variation in the area of the watershed
which is actually contributing runoff. This is affected prinarily
by antecedent moisture conditions.

\, An example can be considered of a storm occurring when
soil moisture is low. (It must be remeabersd that soil moisture
will not be ccnstant throughout a watershed but will be greatest

in depressions, at the foot of slopes, and along stream banks.)
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During the early part of this storm the only portions of the
watershed contributing to storm runoff will be the channel ==
through channel precipitation -~ and the areas adjacent to strean
channels which had a bigher moisture content at the beginning of
the storm and thus less avallable storage. As the storm continues
and soil storage is gradually filled, the area of watershed con-
tributing to runoff increases. As the contributing area increases,
the time base of the runcoff distribution graph will also increase
because of the greater distance through which water travels under
the surface. Thus the time distribution graph of runoff derived
from an early portion of the storm will have a steeper rising limb,
higher peak, and steeper recession than the time distribution graph
of runoff from a later portion of the storm. If the storm continues
for 2 sufficient duraticn, then runcfi shculd epprcach a constant
time distribution when all of the watershed is contributing runoff.
The condition of a low antecedent mcisture as indicated

by bzse flow at the begirning of a storm is present in the case of
stornms 3 and 4., Storm 3 (Figure 16), with only 2.39" of precipi-
tatiocn and an effective duration of 11 hours, caused streamflow to
rise rapidly and recede very rapidly following peak flow, the upper
thiréd of the recession being almost as steep as the rising limb.
Storm 4, with 5.88" of precipitaticn and a 20-hour effective dura-
tion, caused streamflow to rise almost as rapidly during the early

_—part of the storm as did storm 3. As the storm continued the rate
of rise decreased and following the peak the hydrograph receded at
a ccnsiderably slower rate than that of storm 3 (as indicated by

the higzher six-hour recession coeificients on storm 4 shown in
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Table 6.) Apparently a sualler watershed area contributed runoff
on storm 3% than storm 4 because of the swaller volume of rainfall
available to go into storage.

Some indication of the increase in storage from storm
rainfall can be obtained frow the losses column in Table 4. As
the table shows, losses on storm 4 are almost double those of
storm 3. Storm 2, which had a rainfall volume intermediate between
storms 3 and 4 (4.01"), had losses considerably lower than storm 3,
yet had much higher recession coefficients than either storm 3 or
storm 4. This seeming paradox can be explained by the difference
in antecedent moisture as indicated by the antecedent flow, also
shown in Table 4. The available moisture storage at beginning of
storm 2 was greatly reduced and the accretions to storage, though
considerably less than thecse froa storms 3 and 4, raised the total
storage to greater volumes and thus gave slower recessions.

Differences in recession coefficients between storms
zppear to be explainable largely by the factors of antecedent
moisture (with antecedent flow as an index) and storm losses. The
one exception is storm 6 which has an antecedent flow considerably
greater than the next highest, storm 2, and losszes of about the
same magnitude as storm 4, yet has recession coefficients very
similar to storm 2. The relationship between antecedent moisture
(cr available storage) and antecedent flow may not be the saze for
' this storm as for the other storms due to the fact that 2.66" of
precipitation were received in the three days prior to this storn,
whereas the periods preceding the other storms were relatively

precipitation free.
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The relationship between storage and discharge has been
developed by wmany writers (e.g., Riesbol (34), Hursh and Brater
(26)) and is usually assumed to be a relatively fixed relationship
for a watershed. Most such relationships have besan determined for
either ground water flow or for surface runoif and/or channel
storage. However, tiais study did not iundicate a fixed relationship
betwaen storage and discharge for subsurface flow from these water-
sheds. 1f such 2 relaticnship existed, the recessions from a
given watershed would be expected to coincide closely over the
same ranges of flow. This was not found to be the case as pointed
cut and discussed earlier.

It appears that distribution of storage is more important
than total watershed stourage in determining discharge. The examples
cited earlier apply here also. Storms witn relatively intense
rainfalls may cause nigh discharges withoul greatly increasing
watershed storage. Tne recessions of such storms ther overlap with
recessiong of storme having come zuch nearer to iilling the storage
capacity ~- thus ithe variation .n recession rates occurs through
the same rauge of dischargese.

This situation brings into yuestion the accuracy of using
conposite receesion curves tor subsurface flow cocanstructed by
either synthesizing inaivicdual stora recessions or by drawing
envelope curves cncoupassing points plotted for q, Vs. 4q, (both
of thece methods are illustrated by Linsley, Kohler and ?nulhus
(50)9. 1t would secu tnail these complete composite recession
curves woula apply only to depletion oi full, or npearly full,

storage anu thereiore would npave wide applicability only in the
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lower segments which would represent drainage from areas near
stream channels -- the areas which will have their storage filled
most often.

If there were an accurate metaod of separating ground
water flow =-- i.e., flow froa a continuous, completely saturated
medium ~= from "subsurface flow" or lateral flow through the non-
capillary pore space of the upper soil horizons, a more accurate
and consistent recession analysis might be possible and might give
results more in line with those reported for ground water or channel
storage alone. Techrically speaking, much of the storm runoff is
probably ground water at the point where it actually enters a
stream channel, as the banks aud immediate areas adjaceat to the
strear become saturated. However, the distance through which it
has traveled as ground water is probably very short. As Hewlett
(17) has vemonstrated, unsaturated flow in the range of field capa-~
city can be sufficient to maintain base flow irom a steep watershed.
It appears likely that wmost oi the stream bank ground water tables
are fed duriny storz periods by unsaturatea flcow from upslope areas
in the range between tield capacity and saturatiocn. The continuous
Mhydraulic pathways" created by biolegical activity, as described
by Hursh and Fletcher (Z7), are prcbably quite important ia in-
creasing ithe speed of this flow.

The nature ot the apparent percolaticu into vase flow
feeding strata whicn affects hydrograph reactions to raintall
tluctuaticns is a matter of conjecture. It seesic unlikely that it
is etrictly a verticul awovewent. [ possible explanatiou ie perco-

lation intc tne deep colluvial deposite present cn watersheds ;72



71

and #3. Percolation rates (both vertically and laterally) would
be the determining factor here rather than volume of storage avail-
able in the depositse.

As pointed out earlier, lag time seemed to be relatively
independent of stom characteristics; however, it could not be
shown to be related to the watershed parameters commonly used for
predicting lag time of surface runoif. Again, it appears that the
factors controlling subsurface flow and their interrelationships
are different than those controlling surface flow, and that formulas
and metihods of analysis developed ior use with surface runoff should
be used with caution where storm runoff is derived from subsurface
flowe.

One factor not evaluated, but probably of cocnsiderable
significance, is the distribution of soils (deep, shallow, and
bare rock) and of slopes. Langbein (29) has pointed out that the
distribution of slopes, channel segments, and storage areas is often
more important hydrologically than total cor mesno values. It is
quite probable that this holds true here -- that this factor makes
irterpretation of the effect of other factors more difficult and
may account for scme of the unexplainable differences in runoff

characteristics.
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SUMMARY AND CONCLUSICNS

This study analyzed data from expsrimental Watersheds
#1, #2, and #3 of the H. J. Andrews Experimental Forest in west-
central Oregon to determine runoff characteristics from winter
storms, which produce the only flood runoff of consequence in this
area. The watersheds are small in size, being 237, 149, and 250
acres, respectively, but are fairly representative of large areas
of undisturbed Douglas-iir forests on the western slopes of the
Cascade Mountains in Oregon. Topography is steep and rough; soils
and parent material are of volcanic origin and have a cozmplex his-
tory and pattern of distribution. Predominant soil textures are
clay loams, silty clay loams and clays. (f especial importance to
this study is the occurrence of deep colluvial deposits, often
alternating with thin-soiled steep slopes.

Precipitation and runoif were analyzed for six winter
storms varying from 2.39 to 7.67 inches of rainfall. Storm runoff
as separated from base ilow varied from 0.57 to 4.59 inches.

Conmposite distribution hydrographs were constructed for
each watershed using interstorm average distribution percentages
for three~-hour periods. Average time freom begianing of effective
precipitation to peak was used for time placemeat of these hydro-
graphs., Kecessions of total flow were plotted on semi-log paper

and six~hour recession coefficients computed for straight line
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segments of the recessions. OQOther methods of analysis used in-
cluded comparisons of storm runcff with precipitation and peak
flow with storm runoff, plus a comparison of reactions to fluctua-
tions in rainfell intensity.

Data relating to a number of watershed characteristicsa
including slope, drainage density, and soil depths was analyzed
and an attempt made to interpret the effect of soms of these char-
acteristics on storm runoff.

The major results and conclusions reached can be sum-
marized briefly as follows:

1) viatershed #1 had the highest peak flows -- both in
csm and in distribution percentage, usually peaked
first, and had the steepest recessions. Viatershed
#2 had the lowest pesaks and the most sustained
recessions. Wwatersaned 743 was intermediate but more
closely resembled Watershed 72 in timing of runoff.
The differences seem to be attributable primarily to
differences in soil moilsture storage capacity =-=
tiatershed #Z2 having the greatest amount of storage
and watdrshed #1 the least.

2) Interstorm variability in time distribution of runoff
was least on jatershed #2 and greatest on Watershed
#le The influence of subsurface storage in regu-
lating storm runoff is suggested as the most probable
reason for this difference.

3) There is an apparent difference in percolation
capacities to base flow feeding strata which causes

Watershed #3 to be the most sensitive to fluctuations



74

in rainfall intensity and Watershed #1 to be least
affected. Exact cause of this hydrograph reaction
could not be isolated.

4) Recession analysis did not indicate a fixed storage-
discharge relationship for subsurface storm fldw.
Differences in antecedent conditions and the changing
area of watershed contributing to recession flow
are believed to be the reason for the varying rela-
tionship.

5) In view of the above factors, the unit hydrograph
was not found to be applicable for characterizing
storm runoff derived from subsurface flow. The unit
hydrograph assumption of identical time distributions
of runoff from all unit storms was not met -- a
consequence of differences in moisture conditions.

6) Lag time was found to be relatively constant for
each watershed. However, watershed characteristics
commonly related to lag time of surface runoff and
used for prediction purposes could notlbe related
to lag times for subsurface runoff. This finding
enphasizes the limitations of using regicnally
developed empirical correlatiocns for predicting
storm runoff characteristics in areas where storm~
water travels largely beneath the so0il surface, and
also the need for accurate information on the extent
and characteristics of subsurface flow.

In order to better understand the process of water move-

ment beneath the surface, more actual measurements of this flow



(¥

and determination of the factors which control it are needed.
Such information, in combination with hydrcgraph analysis,; nay
lead to more accurate methods of predicting storm runoff, whether
for the purpose of evaluating effects of watershed treatment on

runoff or for other purposss.
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APFENDIX

Soil Serles Deacripticas*

The follecwing is a brief suzmary of the so0il series
mapped on the experizental watersheds by a Forest Service soil
survey teans in 1962. The clascitfication (series nases) is strictly
provisional at the prezent tize. watershed 73 was napped in great-
est dct;il because of ixgencing logging operaticns as part oi the
planned treatacnt and Hatershed #1 was aappged iu leaat detail,
Because oif this differonce in wapping iotensity, the soil zap‘is
not included here. The series are listed in order of decreasing
arsa within the experisental watersheds.

l. Limberlost sarles:--Regcsols iatergrading to RBrown

rodzolic soils forwed i: colluviua frou greeaisn tuff aud dbreccia
bedrock. Texture is a gravelly clay loam to heavy clay locam with
30-60% gravel and stones oy volume. Structure is strong fine sub-
anpular blocky in upper horizoans ygrading to weak very fine sub=
anzular blecky in the C horizoa. This soil is well drained and
has a mcderately rapid perameability. Depts is 2 to more than 10
fest., It cccurs on ridges, steep and dissected slopes, aad colluvial
toe slopes. It is mapped as occupyinyg most of datershed 71 plus

large areas ius mid to lowser Watsrsheda 2 and 73.

-
Inforaation provided by J. T. Dyraess, Soil Zecisatdast w#ith racific
Northwest Forest and hange Lxperiment Station.
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2. Fudworm seriesi:--Yellowish Brown Lateritic to Brown

vodsolic soils formed in residuus and colluviua from greenish tuff
and breccia bedrock. Texture grades frea a gravelly clay loam to
heavy clay and eilty clay lcas (in lower hordzons) with C=305 gravel
and stones. Structure is stronyg fine subangular blocky grading to
passive. This soll is zoderately well drained and has a moderate
permeatility. Depts dc turee to more than six feet. It usaually
occurs on unsves sice slopes and ridges. It occupies a saall area
on amtaershed 51 ang relatively large areas oa aid porticns of nater-
s0eds < ard #3.

%3¢ Flunky seriess-~lithosols to Erown rodzolic soils

formed in colluviuw and resicuus from basalt. Texture is a very
gravelly loam te clay loam wilh gravel snd stones comprising DU-905
by volume. GStructure ie moderate to weak line snd very fine sub-
apnzular blocky. This s0il is well draised with a moderately rapid
perzeability. Deptn to bedrock iz teu to thirty incaes. Its
occurredce is on stess sxcotih side slopes aad ridges. Tals soil

ie .capped in sasll areas aloag the upper ridge of all three water-

cheds.

4, Frissell series:--hegoscls to Brown rodzclic soils
forsed in colluviuz fros reddish breccia. Texture is a gravelly
loau to gravelly ligat clay loaz with 4U=b60s stones and gravel,
Structure is atroug zedius granular grading te masslive. This moil
is well draineu witsn woderately rapid peraesbility. Depih is 1z to
more tnan 10 feet (average of 4 faeet)s It is found on stsep cide
slopes, dissected alopes, aand colluvial tos slopes. It is wapped

s tu- lumest poriica of .atersaed 1.



5. 8Slipout series:--Lheddisn Browa Laterita.

podzolic scils forced in residuux and colluviusg fros greenish tuff
and breccis vedrock. Texture is & light clay loaz to eilty clay
loas aud ¢ilty clay sith 10-40% gravel and stoness, Structure is
moderates fine angular blocky to zassive. This scil ia lszperfectly
draiced w~ith scderately slow permeability and marshes are often
p?eﬁont. It occurs on unsven side slopes and is mapped om two =mall
areas of fatershed 53.

6. Andrews seriesi--Heddish Brosa Laterlitic tg Brown

rodzolic soils formed in residuuw and colluvius from reddish breccia
bedrock. Texture is a pravelly lcoas to heavy silty clay loam with
1C% gravel to 5C-6(% tuifacecus anc basalt etones. Structure is
gtroeng sedius granular ang moderate Iine sutangular blocky grading
tc zassive. This scil is well crained ams nas woderately glow per-
meability. Depth is 4 to greater tanau 1lU feet. It occurs on silde
slopes, ridge«, ond luanufleows. 1t is map.ed as occuzying a sszall

arey on saterzaed 3.
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Table 7

Bulk Density and Scil Porosity
From Three Sites on asatershed #3

Capillary lfom=capillary

S;ze §I§:: ﬁ:iiity Total Porosity Porosity Porosity
* (inches) % inchen (inches) (inches)
6 O=12 0.87 67.2 d.1 5.9 b2
12-24 1.C4 60.7 73 BT 1.6
24-43 1.06 60.0 14.4 12.4 2.0
Total 29.8 22.0 7.8
9 C-12 l.02 61.5 7.4 4.8 2.6
12-24 1.15 5646 6.3 Sl 1.4
24-43 1.09 5348 14,1 12.6 1.5
Total 8.3 22.3 55
11 G-12 0.97 63.4 7.6 4.7 2.9
1z=2% 1.00 62.3% 7e5 5.1 2.4
ch-45 l.10 20.2 135 L3.4 Uel
Total 256.6 23.2 Se4

Total porosity cosputed from bulk deasity; capillary porosity computed
froz soil meisture~tensioun data. Data furnlsied by K. Le Fredriksen,
xepsearcn forester, He J. Andrews pxperiwental Forest.




Vegetation

Common and eclentific names of species menticned in text.

Scientific XName Cozmon Nanme

Trees

acer macrerbyllum

Alnus rubra

Castancpsis chrysophylla
Cornus nuttalii
Libocedrus decurrens
poeudotsuga menziesii
Taxus bravifclia

Thuja plicata

Tsuga hetercphylla

Shrubs

Acer circinatun

pderberis nervosa
Goultheria =shallon
Rtododendron macrepnyllusm
Vaceiniua parviicliue

Fecrbs

Coptis laclaata

lLicnaes berealis var. Ampericana

UXalle oregana
Folystichuu ainitum
Xergphylium tenax

Froa soil survey report by Golluam (49).

big-lsaf =maple
red alder
chinguapin
dogwood

iucense cedar
Douglas-fir
racific yew
wastern redcedar
western heulock

vine maple
Uregon grape
salal
rhacdodendron
red huckleberry

goldturead
twinflower
oxalls
swordfern
bpargrass



Abstract of Thesis

TORH RUNOF¥F CHARACTERISTICS OF THRE: ZMALL WATLROHEDS IN WESTZRN OREGON

This study was undertaken to characterize and compare storm runoff
from three small watersheds in the Douglas=fir region of western Oregon
and to account for differences in these runoff characteristics through
watershed characteristics, Runoff and precipitation were analyzzd for
six winter storms on the experimental watershecds of the H,J. Andrews
Experimental Forest. The watersheds range in sizs from 1L9 to 250
acres and are characterizad by steep and rough topography with shallow
soils on tha steeper slopes, often alternating with deep, bench-like
colluvial deposits,

In order to characterize storm runoff, composite distribution
hydrographs wsre constructed for each walershed usinﬁ interstorm average
distribution percentages by three hour periods., In addition, recessions
of total flow were plotted on seni-log paper and six hour racesgsion
coafficlents computed for straight line segments of the recessions,
Further analysis included comparisons of storm runoff with precipitation
and peak flow with storm runoff, plus a comparison of reactions to fluctu-
ations in rainfall intensity. Available data on soil depth, slonse, and
sovaral osther watershed characteristics was analyzed and an atte=pt made to
interpret the effect of some of these characteristics on storm runoff,

Tha major findings and conclusions were as follows:

1., Differerces in peak flow -= in csa and in percent of total, tire to
peak, and rate of raccssion were attributed primarily to differences in
801l moisture storags capacity as indicated by relative areas of deen and

shallow soils,



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93

