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MOVEMENT OF WATER THROUGH FORESTED
SOILS IN STEEP TOPOGRAPHY
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ABSTRACT

Field and labdratory studies.are being conducted to describe
the hydrologic properties of soil and to determine the timing and
pathway of precipitation and snowmelt water as it moves through
forested soil on a steep slope. Hydrologic properties include
hydraulic conductivity, porosity, pore-size distribution, moisture
charecteristics, stone content, and soil depth. Laboratory analyses
indicated an abrupt change in hydrologic properties within the
top 1.5 m of soil. Water input and'movemenc thtpugh'the soil

are being monitored during winter storm events.
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_. . INTRODUCTION
Water 1s the major linkage between the térrestrial and aquatic pértibns
of the 'coniferous forestbeCOSystem. »Knowledge of the physical characteristics
and behavior of the hydrologié system is essential to the successful ﬁodeling
of the'structure and function of this ecosystem. Throughout much of the coniferaus
forest biome subaurface movement of water_dﬁminates the hydrologic syéfem. »This'
is espécially true in the western Cascade Mbunﬁainé'of Oregon where a major portion
of the research on coniferous fdreét ecosystems is being conducted. Slopes are
very sfeep. Soils are shallow from a pedological point of view but are géneraily
underléin By»sapralite which may be on the order of 8-16 m deep. Surface runoff
has not been observed under undisturbed forested conditions: Rapid rise of the °
‘hydrograph has'been-interpretgd to mean subsurface flbw"&f water mustfbé‘shallowt'
and rapid (Rothacher gg_gli, 1967)a'u  o _ - | |
The objectives of this study are to detérmine-thé timing and patﬁway of 5
precipitation and snowmelt water as it moves through the soil mantle on its
way to ‘the stream. .we have looked at thevsoils of Watershed 10 to see if they
possesé hydrologic properties which would 1ndicéte if and where shallbw-Subsurface
flow could occur. This information has aided in our'instéllation of field
equipment to detect and measure this flow. We made progress during 1972 in

three areas: determination of hydrologic properties of soils, field installations

and instrumentation, and field data collection.



HYDROLOGIC PROPERTIES OF SOILS

Soil Sampling'

The south aspect of the lower portion of Watershed 10 in the H. J. Andrews
Experimental Forest was selected for intensive stndy (figure l); Slope varies
from 50% near the ridge to more than 100% adjacent to the.stream. Soils.are
of the Frissell series (R.-h. Fredriksen, 1972, U. S. Forest Service, Pacific
Northwest Forest and Range Experiment Station, unpublished data) They are
derived from reddlsh tuffs and brecc1as and show little proflle development.

Ten soil pits were hand dug as deeply as possible along two transects
extending normal to the contour from stream to rldgetop. We took six.undisturbed
samples of s01l from selected depths within each 5011 pit by a method descrlbed
by Blake (1965) Sample depths depended on the soil character1st1cs encountered,
but generally were 0- 1 dm, 2-~-3 dm, 6~ 7 dm, 10 11 dm, 14—15 dm, 19—20 dm, and
24-25 dm. Each undlsturbed soil sample was contained in a brass ring 5.4 cm in
diameter and 6 cm long. Roots were snipped and each soil core was trimmed
flush with both ends of its brass ring. A double layer of cheesecloth was
placed over the bottom of each ringvand fastened with a.rubher band. Each ring
was then placed in a soil drying can for tramsport to the'laboratory where
it nas stored at 3°C. | | |

In addition to the undisturbed soil cores, we took a disturbed soil sample
from.each sampling depth. This soil was used in mechanical analyses bp the
hydrometer method (Day, 1965).

When soil sampling’was completed at each soil pit, the uphill face of the
pit was smoothed. We covered each entire pit with a clear polyethylene tent

so that water which may seep from the uph111 face durlng w1nter storm events



can be detected.

Laboratory Analyses

We used thg following sequence for.each of 240 soil cores. First, we
satufatéd the core by placing.it iﬁ water slightly shallower than the 1ength of
the cofé and leaving it overnight, Water was gradﬁally-a&ded until the soil
core waé submerged about 10 cm. The core was tragsferfed under water to a
constané head permeametér (Klute, 1965). The soil core in its brass ring was
placed ﬁetween two short riﬁgs of a diameter equal to that of the soil-retainer
ring. ﬁach short ring had a wire screén thcﬁ abutted oné end of the soil
core. The rings were clamped together'forming a tight seal between rings.
Water fromva cqnstant head reservoir waé piped to the‘éérméameter‘and moved
thréugh the soil core. Volume of water ﬁassing thfough the soil core in a
ceftéin time 1ntervai was measured. We compdtedrhydrauiic cbnductivity by

the eﬁuation

K= W

wheré K is hydraulic conductivify, V is flow.véiume in time t, i is the length
qf the soil core, A is the cross sectional area of the éoil core, and h is
the.hydraulic ﬁead. - | o |

Weéinjeéted a Small'quaﬁtity of méfhyl gfeen dye inéo the inlet hose éf
the perﬁeametEr for several soil cores. This dyébstains the major water
passages (Aubertiﬁ; 1971); “ | -

So%l cores from the tw6 top depths of most.séil éits were not subjected
to hydraﬁlic conductivity tests. Preliminéry énalyéeé indicated that considerable

fine material would be eluviated from the soil cores and would alter future
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measurements of total porosity and pore-size distribution.
_Following determination'of'its hydraulic conductivity we re-saturated
the core and placed it in a special apparatus to determine its saturated weight.
This apparatus consisted of two brass plates fastened to the ends of a>C—clamp.
The soil core's brass r1ng was held firmly between the two plates by tightening
the C-clamp. We then weighed the clamp, soil, water, and brass ring together.
The core was removed from the clamp and quickly placed on a tension table
for tension extraction of its water (Vomocil, 1965). First a tension equal
to that exerted by a column of water 10 cm high was applied to the soil core.
We allowed the core to equilibrate weighed it, and replaced it on the tension
table. The water column was then increased to 20 cm. We repeated this procedure
for water columns of 30 cm, 40 cm, 60 cm, and 100 cm. After the core was
weighed following equilibration nith the.100 cm nater column, it was oven-—
dried at 105°C for 48 hours.
A computer program wasbwritten to combine the various weights and tares
to obtain bulk den51ty, total porosity, and water content (percent by volume)
at each tension. The latter was used to obtain pore—51ze distribution for

each sample by solv1ng for r in the equation for capillary rise

B = 2Y cos 8 | 2)
. pgr

where r is pore radius, y is surface tension of nater, 6 is the contact angle
between water andbthe side of the pore, h is the height to which water will
rise in a caplllary tube of radius r (equal to the height of water columns

used with the tension tables), p is the density of water, and g is acceleration
due to gravity. The diameters of pores holding water against the forces equal

to those of water columns 10, 20, 30, 40, 60 and 100 cm long are 0.292, 0.146,



0.097, 0.073, 0.048, and 0.029 mm, respectively.

| V.Aftef arcore was oven-dried it was systematically dissected. We &escribed
each cére qualitatively in terms of tightness of fit in its retainer ring.
Soil c&res fittinglloosely were excluded froﬁ further analyses. Such_looée
fittiné probably would have‘enabled water to bypass the soil.core during hydraulic
conducéivity tests and would have given erroneous conductivity valués.

Stome content of each soil core wasvﬁeasured.inIOrder'to account for
the varlation in hydrologlc properties of sgoils affected by stones (Dyrness,
1969). ‘ Soil was sieved and the total volume of particles 1arger than 2 mm

was determined by measuring the volume of water these particles dlsplaced.

Results of Laboratory Analyses

Tab];é. 1 shows results of some of the laboratory analyses. Each value,
éxcept for particle size percentages, is generally the mean of six samples.
Some soil cores were eliminated from aﬁalyses Becauée tﬂey did not fit tightly
in their retainér rings. Additionai undisturbed soil coresvhave.been taken
from certain seil pits to increase sémple sizes. These éores are currently
being ahalszed in the laboratory. .

Changes in hydraulic conductivity with depth indicates where local safuratioh
most 1ikely would occur dufing winter storm events. 1In soil pits 1, 2, and 3
there ié a marked decrease in coﬁductivity below li dm. Additional soil cores
have beén taken at 11, 13, and 15 dm in these pits to deterﬁine more brecisely
the depfh at whieh the reduction in cbnductivity occurs. We are curréntly
analyzing these cores. ‘The decrease in conduétivity is less’pronounced between
11 and 15 dm in soil pit 5. In soil pit‘6 tﬁe reduction occuré at 3 dm. 1In
soil pits 7 and 10 it occurs above 7 dm. Soil pits.4 and 8 were extremely

rocky, and soil cores were not taken.
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We examined other hydrologic properties in order to accouht for the pronounced
decrease in hydraulic conductivity between two sample depths. Total porosity
is quitebhigh for all soil cores. Generally, porosity of the top meter averages
60-70%. Porosity of the subsoil is usually less, averaging 50-607%. There
are, however, no real differences in porosity between the two depths which have
the markediy different hydrauiic conductivities.

The property whlch seems to best explain abrupt changes in hydraullc
conductlvity is pore size distributlon Table 1 shows the percentage of total
porosity that is composed of pores with a diameter greater than 0.292 um
These pores can hold water against a ten51on equal to a column of water only
10 cm high. Such large pores drain rapldly. This large pore—hydraullc conductivity
relationship is most pronounced in soil p1ts 1, 3, 6, 7, and 10. In the 1atter
three soil pits the abrupt decrease in conductivity can be seen only if a
conductivity of 500 cm hr 1 is estimated for the 1 and 3 dm levels. Conductivities
of about 500 cm hr"1 were measured for a small number of cores of surface soil
during the initial tests when severe eiuviation occurred. Also a simllar
conductivity for surface 301ls has been calculated from data presented by

vDyrness (1969). |

Hydrologlc propertles of the soils do indicate that shallou subsurface
movement of water could oceur throughout the study slope. In most.locations
such flow most llkely would occur between 11 and 15 dm. Whether itlactually
occurs depends on rate of water input to the soil.relative to the soil's ability

‘to transmit water.

Field Installations and Instrumentation

 Piezometers

In order to detect saturated soil conditions during winter storm events,
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we have installed 64 piezometers at various depths (Betson et al., 1968). Piezometer:

were coﬁstructed from 1.9 cm (3/4-iﬁ, i.d.) polyvinyl chloride‘(PVC) pipe
and fitfings. The lower 10 cm of pipe was pérforated for water entry. A
double layer of nylon screen was wrapped around the perforated.sectioﬁ and
cemented iﬁ place. A PVC plug was also cemented on the lower endvof'the pipe.
Holes'for plezometer pladement were made with a power auger. This{auger |
consisted of a 7 hoisepoﬁer gasoline-powered engine éonnected to a 3.9 cm
(1 1/2+in.) full-flight augér_by a flexible driveline and a power head with
a 10:1 ééar reduction, We developed ancillary equipﬁent so that we céuld
~auger holes without moving soil downslope or otherwise damaging the iﬁst_ailation
site. This equipment ipcluded an auger guide and stabilization platform (AGASP)
~and two 2-legged foot platforms. Thé AGASP consisted of a steel plate 7 mm
thick te which a steel pipe 15 em long with a.n,‘ inside diameter of 6.2:'.cm was
rweldEd. A secénd piece of pipe 60 cm long with an inéide diamete; bf;S.S cm
-was fastened'inside the short pipe ﬂy tw§ set screﬁs. The fﬁll-fliéht auger
in turn fitted inside the longer pipe. Foot platforms were made of 7.mm
aluminum plate 15 cm x 30 cm equipped with two 50 cm legs made from aluminum rod.
The following procedure was used to auger a hole. First, we Secﬁred the
enginé assembly on_the slope,.usuaily by partially suépending it from§a tree
so thaf the engine was level. Next the soil litfer 1ayer was_removéd?and tﬁe
AGASP wés.leveled ﬁith the guide:pipe exténded. Foot platformé were ﬁlaced‘
such that each operator céuld place one foot on a platform and oﬁe on:the
AGASP. iThe auger was then placed in the AGASP. As augering progress;d, thé
guide pipe was lowered until it was approximately 40 cm into the soil? This
provided a stable guide for augering holes ub t6 8.2 m deep.
To auger hqles deeper tha& about 2 m, we replaced all but the bogtom two

| .
flighted auger extensions with:1.9 cm (3/4-in.) steel pipe with threaded joints.

i
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This reduced friction from the flighting contacting the sides of the hole.

A brass--guide adapter wasfmachined so that~it’fitted into the guide pipe of

the AGASP. The steel pipe.extensions in turn passed through the adapter. When
the two flighted extensions were filled with éﬁil, the power head was disconnected
from the auger and the auger was réised and cleaned. This procedure was followed
unfil reiatively unweathered roék was encountered.

After the hole was augered to its desired depth the piezometer was installed.
Coarse sand was éoured into the hole so that it covered the perforated lower
section 6f the pipe. Bentonite was poured in next follwed by water to seal
the hole aﬁo?e the perfofated section. The hole was then backfilled. The
piezometer was cut such that its top was about 15 cm below ground surface to
provide some protection to the piezometer dﬁring future iogging. A threaded
fitting and vented cap ﬁére added to the piezométer. A 20 cm section of 10 cm
(4-in. i.d.) PVC draiﬁ pipe provideé access to the piezometer. After all
augering equipment had been removed, litter ﬁas carefully replaced.

Piezometers are located in a grid patterﬂ at the bottom of the slope
(Figure 1). A transect of additional piezometers extends up the slope ﬁo the
ridgetoé. Most piezémeters in the grid rest on relatively uﬁweathefed rock.

Others in fhe grid and most of those in the traﬁséct.are.l—l.S m deep corresponding
to the depths at which hydraulic conductivitj decreased markedly during labofatory
analyses. | |

Water levei in piezometers will be detected by two metﬁods. First, a weighted
two-conductor wire attached to a galvanometer will be lowered down each
ﬁiezometer. The pfesence éf water will:be indicated by deflection of the galvanometer
needle. This will show us which of the 64 piezometers are located in é zone of
saturation.‘ Secondly, an electronic water-level recorder is being-deveioped to

provide water depth information for 8 piezometers during winter storm events.
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Neutron Probe Access Tubes
| Sixteen access tubes for soil moisture measurement by the neutron scattering

technidue were.installed on the study slope (Figure 1). These tubesvere made
from 3.95 cm (1.555~tn. i.d.) seamless aluminum tubing. Aluminum couplings
were added to standard 3.66 m (12-foot) lengths to provide access to depths
of 7.4 meters. We installed access tubes in much the same manner as the piezometers.
Both edds of each tube are plugged with a no. 8 rubber stopper. Theltop of
each'tdbe is iO emlbelow ground, and a section of PVC drain pipe agein'provides
access. Because the AGASP guide pipe resulted in an oversize hole 40-45 cm below
ground surface and because the PVC retainer wall for access might prov1de erroneous
soil moisture information, we installed another tube nearby for determining
modsture eontent in the top 55 em of soil. These shorter tubes are 72 cm long
and.extend 15 cm above ground. Each was Carefully instalied with a manual
betketvauger. | |

In addition to the 16 access tubes on the study slope, we installed 18
througﬁout the watershed in five transects normal to the contour (Figure:Z),
While not'specifically e part-of this study, these aecess tubes‘will provide
soil moisture informatlon necessary for developlng a hydrologlc model of
Watershed 10. In addltion, ihstalling these access tubes gave us information

about depth to relatively unweathered bedrock (Figure 3).

Raingage

A Fischer-Porter punch-tape recording raingage was installed approximately
halfwey between the stream and'the ridge. This raingage is providing rainfall

data at 15-minute intervals.
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Snowmelt Lysimeter

A snowmelt lysimeter (Haupt, 1969) was~ins£alled on a 757 slope adjécent
to the raingage. The lysimeter consists of a collector pan with projected
horizontal area of 0.5 m? and a polyethylene wall to isolate a volume of snow.
As the snow melts, water is transferred to a storage tank equipped with a

Belfort FW-1 water level recorder.

FIELD DATA COLLECTION

Certain hydrologic measurements are being made on a storm-by-storm ba51s
during the 1972~ 73 rainy season. Water input to the study slope is being
recorded by the raingage and snowmelt lysimeter. Soil moisture content is
being measured at least daily at each of the 16 access tubes during and between
stom events. A recreational péckframé was modified to carry the heavy equipment
for measuring éoil moisture by the neutron scattering technique. At present
saturated conditions within the soil are being monitored with the simple water
level detector. When the electronic detector/recorder system is completed it
will be installed in eight piezometers.. Streamflow is being measured at the

U. S. Forest Service stream gage at the outlet of Watershed 10.
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